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ABSTRACT
PREDICTING POTENTIAL ASCOSPORE DOSE OF VENTURIA INAEQUALIS (CKE.) W INT.
IN COMMERCIAL APPLE ORCHARDS OF NEW HAMPSHIRE
BY
David M. Gadoury 
University of New Hampshire, May, 1984
F a c to r s  a f f e c t i n g  p o t e n t i a l  a sc o sp o re  dose  (PAD), i . e . ,  t h e  number 
o f  Ventu r i  a i n a e q u a l i s  (C k e . )  Wint.  a sc o s p o re s  p e r  m o r c h a r d  f l o o r  p e r  
s e a s o n ,  were s t u d i e d  in  New Hampshire commercial  ap p le  o rc h a rd s  from 
1981-1984. A t h e o r e t i c a l  model t o  p r e d i c t  PAD proposed  by MacHardy and
J e g e r  ( P r o t .  E c o l .  5 :1 0 3 -1 2 5 )  s e r v e d  as a framework f o r  th e  i n v e s t i g a t i o n .
2PAD was c a l c u l a t e d  as t h e  p r o d u c t  o f  t h e  number o f  scab  l e s i o n s  p e r  m 
l e a f  t i s s u e  a t  th e  t im e  o f  l e a f  f a l l  ( L ) ,  t h e  number o f  p s e u d o t h e c i a  p e r  
l e s i o n  {c^)» t h e  number o f  a s c i  p e r  pseudothec ium (eg)*  t h e  p r o p o r t i o n  
o f  th e  o r c h a r d  f l o o r  c o v e red  by l e a f  l i t t e r  a t  t h e  t im e  o f  bud break  
( L j J ,  and th e  number o f  a s c o s p o r e s  p e r  ascus  (n = 8 ) .  Lesion d e n s i t y  
(L) a t  t h e  t im e  o f  l e a f  f a l l  was computed as z x / z a ,  where  Z£ was th e  
t o t a l  number o f  l e s i o n s  coun ted  and za was t h e  t o t a l  l e a f  a r e a  o f  
t e r m in a l  s h o o t s  examined.  The v a lu e  o f  za was e s t i m a t e d  from a r e g r e s ­
s i o n  model o f  t e r m in a l  s h o o t  a r e a  o f  t h e  c u l t i v a r s  M cIn tosh ,  C o r t l a n d ,  
and D e l i c i o u s .  P s e u d o th e c i a l  d e n s i t y  (c^)  was computed as  f * k ^ ,  where 
f  was t h e  p r o p o r t i o n  o f  th e  l e s i o n s  t h a t  produced m atu re  p s e u d o t h e c i a  
and k^ was t h e  mean number o f  p s e u d o th e c i a  produced by f e r t i l e  l e s i o n s .  
D isea se  i n c i d e n c e  and f  were s t r o n g l y  c o r r e l a t e d  (R = 0 . 9 0 ) ;  t h e  v a lu e  
o f  f  was d i r e c t l y  p r o p o r t i o n a l  t o  the  p e r c e n t a g e  o f  l e a v e s  i n f e c t e d  a t  
t h e  t ime o f  l e a f  f a l l .  Most l e s i o n s  from commercial o r c h a r d s  were 
i n f e r t i l e  and d id  n o t  form mature  p s e u d o t h e c i a ,  b u t  even when t h e
p e r c e n ta g e  o f  l e a v e s  i n f e c t e d  approached  z e r o ,  a p p ro x im a te ly  t h r e e  
p e r c e n t  o f  t h e  l e s i o n s  produced mature  p s e u d o t h e c i a .  P o s s i b l e  mech­
anisms were d i s c u s s e d  by which sexua l  r e p r o d u c t i o n  co u ld  o ccu r  under
c o n d i t i o n s  where t h e  p r o b a b i l i t y  o f  p a i r i n g  o f  co m p a t ib le  mating types  
was remote .  I n f e r t i l e  l e s i o n s  were a s s o c i a t e d  w i th  a b o r t e d  a sc o c a rp s  
s i m i l a r  t o  t h o s e  o b se rv ed  by o t h e r  r e s e a r c h e r s  in  p a i r i n g s  o f  incomp­
a t i b l e  mat ing  ty p es  o f  V. i n a e q u a l i s . Ascal d e n s i t y  ( c o f  pseudo­
t h e c i a  from McIntosh ,  C o r t l a n d ,  and D e l i c i o u s  l e a v e s  d id  n o t  d i f f e r  
s i g n i f i c a n t l y  (P = 0 . 0 5 ) .  Based on f i e l d  and l a b o r a t o r y  s t u d i e s ,  
a s c a l  d e n s i t y  o f  a l l  t h r e e  c u l t i v a r s  was s e t  equal  t o  122 a sc i  p e r  
pseudothec ium  in  s u b se q u e n t  c a l c u l a t i o n s  o f  PAD. A r a p i d  method o f  
a s s e s s i n g  l e a f  l i t t e r  d e n s i t y  (LL) was used  t o  s tu d y  d e c r e a s e s  in  l_L 
from l e a f  f a l l  in  autumn to  p e t a l  f a l l  t h e  f o l l o w i n g  s p r i n g .  Most l e a f  
decay o c c u r re d  d u r in g  w i n t e r .  Leaf  l i t t e r  d e n s i t y  d e c r e a s e d  by an 
av e rag e  o f  on ly  16% from bud b reak  t o  p e t a l  f a l l .  Lesion d e n s i t y  (L)
was th e  most i m p o r t a n t  v a r i a b l e  in  th e  model.  PAD v a r i e d  from 13 
2
a sc o s p o re s /m  / s e a s o n  in  an o r c h a r d  where on ly  0.04% o f  t h e  l e a v e s  were
2
i n f e c t e d  th e  p re v io u s  autumn, t o  44 ,544  a sc o s p o re s /m  / s e a s o n  in  an 
o r c h a r d  where 9.32% o f  t h e  l e av e s  were i n f e c t e d  th e  p re v io u s  autumn.
A model p roposed  by J .  E. Van d e r  Plank was used to  compute t im e  
d i f f e r e n c e s  (At) in  th e  o n s e t  o f  scab  ep idem ics  based  on d i f f e r e n c e s  in 
PAD. Based on th e  v a lu e s  o f  At, i t  was e s t i m a t e d  t h a t  s p ra y  programs 
f o r  ap p le  scab  cou ld  be de layed  by 2-22 days in  commercial  o rc h a rd s  
depending upon th e  p o t e n t i a l  a s c o s p o re  dose  o f  th e  o r c h a r d  and the  
v a lu e  o f  Van d e r  P l a n k ' s  i n f e c t i o n  r a t e  ( r ) .  The s i g n i f i c a n c e  o f  
p r e d i c t i o n s  o f  PAD, t h e  p r e d i c t i o n  o f  a s c o s p o r e  m a t u r i t y ,  and sp o re  
t r a p p i n g  in commercial app le  o rc h a rd s  were a l s o  d i s c u s s e d .
INTRODUCTION
Apples a r e  t h e  predominan t  deciduous  t r e e  f r u i t  grown in  t h e  
United  S t a t e s .  The w h o le sa le  v a lu e  o f  t h e  1982 c rop  ( n e a r l y  one b i l l i o n  
d o l l a r s )  ranked a p p le s  b e t w e e n  o a t s  and durum wheat in  o r d e r  o f  economic 
impor tance  ( 5 ) .  I n s e c t  p e s t s  and d i s e a s e s  o f  a p p le s  have been t h e  
s u b i e c t  o f  i n t e n s i v e  r e s e a r c h  f o r  many y e a r s  because  o f  t h e  economic 
im por tance  o f  t h e  c r o p ,  t h e  high c o s t  o f  p e s t  and d i s e a s e  c o n t r o l  in 
a p p le  p r o d u c t i o n ,  and because  consumers demand b l e m i s h - f r e e  a p p l e s .
Of a l l  a p p le  d i s e a s e s  in  t h e  Uni ted S t a t e s  t h e  most d e s t r u c t i v e  i s  
app le  scab  ( 3 1 ) .  I n f e c t i o n s  o f  f lo w ers  o r  t h e  p e d i c e l s  o f  young f r u i t  
can l e a d  t o  a b o r t i o n  and e a r l y  f r u i t  d rop .  I n f e c t e d  f r u i t  t h a t  remain 
on th e  t r e e  a r e  o f  lower q u a l i t y  and a r e  more s u s c e p t i b l e  t o  w i t h e r i n g  
and s t o r a g e  decay than  u n i n f e c t e d  f r u i t .  Severe  f o l i a r  i n f e c t i o n  le ad s  
t o  p rem a tu re  d e f o l i a t i o n  and t o  a su b seq u en t  d e c l i n e  in  t h e  v i g o r  and 
p r o d u c t i v i t y  o f  i n f e c t e d  t r e e s .  The c au sa l  fu n g u s ,  V e n tu r i a  i n a e q u a l i s  
(Cke.)  W in t . ,  i s  a lo c u lo a s ro m y c e te  t h a t  e x i s t s  in two s t a t e s :  an
a s e x u a l ,  c o n i d i a l  s t a t e  t h a t  i s  p a r a s i t i c ,  and an a s c i g e r o u s ,  sexual 
s t a t e  t h a t  f o r  most o f  i t s  e x i s t e n c e  i s  s a p r o p h y t i c .
V en tu r ia  i n a e q u a l i s  o v e r w in t e r s  as  immature p s e u d o th e c i a  in f a l l e n  
l e a v e s .  During s p r i n g  t h e  p se u d o th e c ia  mature  and a s c o s p o r e s  a r e  
d i s c h a r g e d  f o r c i b l y  when t h e  l e a v e s  a r e  wet by r a i n .  Ascospores  a r e  
t h e  pr im ary  inoculum in a p p le  scab  and a r e  t h e  sp o re s  t h a t  i n i t i a t e  
ep idemics  a t  t h e  s t a r t  o f  a growing s e a s o n .  The a s c o s p o r e s  a r e  
d i s p e r s e d  bv wind, and t h o s e  t h a t  land  on s u s c e p t i b l e  t i s s u e  in  t h e  
p re sen ce  o f  f r e e  w a te r  w i l l  g e rm in a te ,  i n f e c t ,  and e v e n t u a l l y  form a
2s u b c u t i c u l a r  s t ro m a .  C o n id iophore s  a r e  formed by t h e  s t r o m a t a  and 
r u p t u r e  t h e  c u t i c l e  t o  p roduce  r a i s e d ,  b l a ck e n e d ,  scabby l e s i o n s .
Conidia  c o n s t i t u t e  th e  s ec o n d a ry  inoculum, and a r e  d i s p e r s e d  th ro u g h o u t  
th e  crowns o f  i n f e c t e d  t r e e s ,  p r i m a r i l y  by s p l a s h i n g  r a i n  and r u n o f f  
from t h e  upper  canopy.  Unlike  a s c o s p o r e s ,  c o n id i a  a r e  n o t  d i s p e r s e d  
by wind, and t h e i r  movements a r e  r e s t r i c t e d  w i t h i n  t h e  crowns o f  
i n f e c t e d  t r e e s  (3 2 ) .
Apple scab  i s  c o n t r o l l e d  by an i n t e n s i v e  s p ra y  program aimed a t  
p r e v e n t i n g  p r im ary  i n f e c t i o n .  There a r e  two main s t r a t e g i e s  used t o  
s ch e d u le  f u n g i c i d e  a p p l i c a t i o n s ' ;  In t h e  f i r s t  s t r a t e g y  so ra v s  a r e  
sch e d u le d  as p r o t e c t a n t s  and a r e  a p p l i e d  a t  f i x e d  i n t e r v a l s  b eg inn ing  
s h o r t l y  a f t e r  t h e  f r u i t  buds open and c o n t i n u i n g  u n t i l  h a r v e s t .  The 
second s t r a t e g y  i s  t o  use f u n g i c i d e s  on a p o s t - i n f e c t i o n  s c h e d u l e ,  
s p r a y i n g  o n ly  a f t e r  a M i l l s  i n f e c t i o n  p e r io d  (37) has  o c c u r r e d .
Although a p p le  scab  has t h e  p o t e n t i a l  t o  dec im ate  an a p p le  c ro p ,  
l o s s e s  due to  s e v e r e  ep idem ics  a r e  uncommon ( 2 1 ) .  However, c o n t r o l  o f  
a p p le  scab  i s  e x p e n s iv e  and t im e-consum ing .  As many a s  13 f u n g i c i d e  
a p p l i c a t i o n s  a r e  made d u r in g  t h e  c o u rse  o f  a growing s e a s o n .  The 
annual c o s t  o f  such a program was e s t i m a t e d  t o  be between 6U and 120 
d o l l a r s  p e r  a c r e  in  1975 (2 3 ) .
The q u a n t i t y  o f  p r im ary  inoculum a f f e c t s  th e  s e v e r i t y  o f  app le  
s cab  ep idem ics  ( 1 0 , 2 6 , 4 0 ) ,  bu t  in commercial o r c h a rd s  c o n t r o l  measures  
have n o t  been based  on t h e  sup p ly  o f  a s c o s p o re s  ( 6 . 3 6 ) .  Of c o u r s e ,  
sora .ving i s  encouraged  e a r l y  in  t h e  season  once i t  has been dem o n s t ra t ed  
t h a t  m ature  sp o re s  a r e  p r e s e n t ;  sp ra y  i n t e r v a l s  a r e  i n c r e a s e d  and 
f u n g i c i d e  r a t e s  a r e  d e c r e a s e d  by growers  on ly  when t h e  a s c o s p o r e  
d e p l e t i o n  from o v e r w in te r e d  l e a v e s  i s  very  h ig h .  Many r e s e a r c h e r s
3have d e s c r i b e d  methods by which r e l a t i v e  inoculum l e v e l s ,  i . e . ,  t h a t  
p r o p o r t i o n  o f  a p o p u la t i o n  t h a t  i s  immature ,  m a tu re ,  o r  has been 
d i s c h a r g e d ,  can be e s t i m a t e d  ( 1 6 , 1 8 , 2 1 , 2 8 ) .  These methods a r e  u s e f u l  
in  e s t i m a t i o n  o f  th e  b e g i n n i n g ,  peak ,  and end o f  a sc o s p o r e  developm ent .  
However, s i n c e  t h e r e  i s  no p r a c t i c a l  way t o  p r e d i c t  a b s o l u t e  inoculum 
l e v e l s ,  i . e . ,  t h e  a c t u a l  s i z e  o r  d e n s i t y  o f  t h e  pa thogen  p o p u l a t i o n ,  
two o rc h a rd s  would be t r e a t e d  t h e  same w i th  r e s p e c t  t o  f u n g i c i d e  ap p ­
l i c a t i o n s ,  even i f  t h e r e  e x i s t e d  a 1 0 0 0 - f o ld  d i f f e r e n c e  in  t h e  a s c o s p o r e  
dose  t o  which each o rc h a r d  was s u b j e c t e d .
The e f f e c t s  o f  a b s o l u t e  inoculum l e v e l s  upon d i s e a s e  development 
a r e  p o o r ly  u nde rs tood  (2 1 ,3 6 )  and a r e  l i k e l y  to  remain so u n le s s  a 
p r a c t i c a l  means t o  p r e d i c t  a s c o s p o r e  dose i s  found. One method by which 
a s c o s p o r e  dose  cou ld  be p r e d i c t e d  i s  by t h e  use o f  a m athem at ica l  model 
as p roposed  by MacHardy and J e g e r  (3 6 ) :
PAD = L * c l  * LL * c2 * n 
where PAD -  p o t e n t i a l  a s c o s p o r e  d ose ;  m atu re
a sc o s p o r e s  p e r  m^ o f  ground p e r  
s e a s o n ,
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L = l e s i o n  d e n s i t y ;  l e s i o n s  p e r  m l e a f  
s u r f a c e  a t  t ime o f  l e a f  f a l l ,  
c l  = p s e u d o t h e c i a l  d e n s i t y ;  p s e u d o th e c ia  p e r  
l e s i o n ,
LL = l e a f  l i t t e r  d e n s i t y ;  p r o p o r t i o n  o f  t h e  
o r c h a r d  f l o o r  covered  by l e a v e s ,  
c2 = a s c a l  d e n s i t y ;  t o t a l  a s c i  formed p e r  
p seudo thec ium ,
and n = 8 ,  t h e  number o f  a s c o s p o r e s  p e r  a s c u s .
4MacHardy and J e g e r ' s  model d e s c r i b e d  an i n t e g r a t i o n  o f  f o u r  sub­
m ode ls ,  each submodel p r e d i c t i n g  t h e  v a lu e  o f  a v a r i a b l e  in  t h e  above 
e q u a t i o n .  Although t h e o r e t i c a l ,  t h e  model e s t a b l i s h e d  t h e  framework 
f o r  an i n v e s t i g a t i o n  to  deve lop  a working model to  p r e d i c t  p o t e n t i a l  
a s c o s p o re  dose .  Th is  was th e  o b j e c t i v e  o f  my d i s s e r t a t i o n  r e s e a r c h :  
t o  work w i t h i n  t h e  framework o f  t h e  MacHardy-Jeger model t o  p roduce  
a f u n c t i o n a l  m a them at i ca l  model t o  p r e d i c t  p o t e n t i a l  a s c o s p o r e  dose  o f  
V e n tu r ia  i n a e q u a l i s  in  th e  o rc h a rd  env i ronm ent .
CHAPTER I
REVIEW OF THE LITERATURE
E f f e c t  o f  Ascospore  Dose on D isease  Development
Van d e r  P lank  (46) f i r s t  d e s c r i b e d  t h e  g e n e r a l  m a them at ica l  r e l ­
a t i o n s h i p  between inoculum and d i s e a s e  development:
1 X(equation 1) At = -• Log o
I C  y ‘
os
where At = the delay of  an epidemic or the s h i f t
in  t ime  o f  a d i s e a s e  p r o g r e s s  curve  
due t o  t h e  e r a d i c a t i o n  o f  a p o r t i o n  
o f  th e  i n i t i a l  inoculum, 
r  = t h e  r a t e  o f  d i s e a s e  i n c r e a s e  (X=XQe ) ,
Y
o = t h e  r a t i o  o f  t h e  amount o f  i n i t i a l  
Xos inoculum b e f o r e  e r a d i c a t i o n  ( X )  t oo
t h e  amount o f  i n i t i a l  inoculum 
rem a in ing  a f t e r  e r a d i c a t i o n  (Xos
This  same fo rm ula  can be used t o  compute t ime d i f f e r e n c e s  in  t h e  o n s e t  
o f  s cab  ep idem ics  i n  commercial o rc h a rd s  exposed t o  d i f f e r e n t  p o t e n t i a l  
a s c o s p o re  doses  (PAD). By s u b s t i t u t i n g  PAD f o r  X, e q u a t i o n  1 becomes:
(equation 2) At = £  Log0 p-A-g-h--ghe-r '
lower
The a p p l i c a t i o n  o f  t h e  above a n a l y s i s  in  d i s e a s e  management p ro ­
grams has been i g n o r e d ,  p ro b a b ly  because  i t  i s  assumed t h a t  t h e  r a t e
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o f  d i s e a s e  i n c r e a s e ,  r ,  i s  t h e  p r im ary  d e t e r m in a n t  o f  t h e  i n c id e n c e  o f  
d i s e a s e  a t  h a r v e s t ,  and t h a t  t h e  v a lu e  o f  At w i l l  always be i n s i g n i f i ­
c a n t  ( 4 6 ) .  The fundamenta l  a ssumption  o f  many ap p le  scab  management 
programs i s  t h a t  inoculum i s  s u f f i c i e n t l y  abundant  a t  t h e  t ime o f  bud- 
b reak  to  n e c e s s i t a t e  f u n g i c i d a l  p r o t e c t i o n  (2 1 ) .  This  assumption  p e r ­
s i s t s  d e s p i t e  r e p o r t s  by a number o f  r e s e a r c h e r s  t h a t  a s c o s p o re  dose 
does a f f e c t  d i s e a s e  i n c i d e n c e  and s e v e r i t y .  One o f  t h e  e a r l i e s t  r e ­
p o r t s  o f  t h e  r e l a t i o n s h i p  between PAD and d i s e a s e  development was t h a t  
o f  C u r t i s  ( 1 3 ) ,  who in  1923 plowed under  t h e  o v e r w i n t e r i n g  l e av e s  in  
one h a l f  o f  an o r c h a r d .  On unsprayed  t r e e s  t h e  fo l l o w i n g  season  t h e r e  
was no d i f f e r e n c e  i n  scab  c o n t r o l  in  e i t h e r  h a l f  o f  t h e  o rc h a r d .  How­
e v e r ,  on t r e e s  s p ra y ed  on ly  f o u r  t i m e s ,  t h e  i n c i d e n c e  o f  f r u i t  i n f e c t i o n  
was 66% lower  on t h e  plowed s i d e  o f  t h e  o r c h a r d .  Adams (1) n o te d  in  
1923 t h a t  a s c o s p o re  c a t c h e s  from o r c h a r d  a i r  were d i r e c t l y  p r o p o r t i o n a l  
t o  t h e  i n c id e n c e  o f  f r u i t  i n f e c t i o n  a t  h a r v e s t .  In a Wisconsin o rc h a rd  
t h a t  r e c e i v e d  no f u n g i c i d e  sp ra y s  d u r in g  t h e  growing s e a s o n ,  K e i t t  and 
Palmi t e r  (33) reduced  t h e  i n c i d e n c e  o f  f r u i t  i n f e c t i o n  from 99% t o  65% 
by a p p ly in g  a s i n g l e  p o s t - h a r v e s t  e r a d i c a n t  s p r a y .  P a l m i t e r  (40) 
l a t e r  r e p e a t e d  and expanded t h i s  r e s e a r c h  in  New York w i th  s i m i l a r  
r e s u l t s .  K e i t t  summarized t h e  use  o f  p o s t - h a r v e s t  e r a d i c a n t  sp ray s  
by Wisconsin  growers i n  t h e  1953 Yearbook o f  A g r i c u l t u r e  ( 3 1 ) ,  bu t  
t h i s  p r a c t i c e  was d i s c o n t i n u e d  as  new, more e f f e c t i v e  f u n g i c i d e s  be­
came a v a i l a b l e  in  t h e  l a t e  1950b ; N e v e r t h e l e s s ,  r e s e a r c h  on e r a d i c a t i o n  
o f  Ventu r i  a i n a e q u a l i s  c o n t in u e d  in England,  where H i r s t  and Stedman 
( 2 4 ) ,  B u r c h i l l  and Hutton ( 1 0 ) ,  and B u r c h i l l  ( 8 ,9 )  used DNOC ( d i n i t r o -  
o - c r e o s o l )  o r  u rea  t o  s u p p re s s  fo rm a t io n  o f  p s e u d o th e c i a .
Van d e r  P l a n k ' s  a n a l y s i s  o f  t h e  e f f e c t  o f  i n i t i a l  inoculum on
7d i s e a s e  development i n d i c a t e s  t h a t  d i f f e r e n c e s  in  t h e  s u p p ly  o f  o v e r ­
w i n t e r i n g  inoculum w i l l  be r e f l e c t e d  in  a s h i f t  in  t ime  o f  th e  d i s e a s e
p ro g r e s s  c u rv e ,  i . e . ,  t h e  e f f e c t  o f  a r e d u c t io n  in  inoculum w i l l  be t o
d e lay  th e  ep id em ic ,  bu t  n o t  n e c e s s a r i l y  t o  p r e v e n t  t h e  ep idemic  o r  
reduce  th e  f i n a l  amount o f  d i s e a s e  t h a t  might  o ccu r  in  t h e  absence  o f  
o t h e r  c o n t r o l  measures .  This p r i n c i p l e  has n o t  been c o n s id e r e d  in  any 
s tu d y  d e a l i n g  w i th  th e  e f f e c t s  o f  i n i t i a l  inoculum on d i s e a s e  deve lop ­
ment. Some r e s e a r c h e r s  have used p o s t - h a r v e s t  e r a d i c a t i o n  as a r e p l a c e ­
ment f o r  the  r e g u l a r  s p ra y  program ( 8 , 9 , 1 0 , 2 4 , 3 3 )  w h i le  o t h e r s  have 
e i t h e r  d e c r e a se d  th e  number o f  a p p l i c a t i o n s  o r  t h e  r a t e  o f  a p p l i c a t i o n  
( 1 2 ,4 0 ) .  In t h e o r y ,  th e  g r e a t e s t  p r o b a b i l i t y  o f  su c c e s s  in  us ing  p o s t ­
h a r v e s t  e r a d i c a t i o n  t o  combat a p p le  scab  l i e s  in  th e  p o t e n t i a l  to  d e lay  
th e  o n s e t  o f  a sp ray  program in  t h e  f o l l o w i n g  y e a r .  The same s t r a t e g y  
sho u ld  app ly  t o  o rch a rd s  t h a t  d i f f e r  in  p o t e n t i a l  a s c o s p o r e  dose.
F a c to r s  A f f e c t i n g  PAD b e f o r e  Leaf  Fa l l
C u l t i v a r
The s u i t a b i l i t y  o f  a p a r t i c u l a r  c u l t i v a r  as a s u b s t r a t e  f o r  s a p ­
r o p h y t i c  c o l o n i z a t i o n  and growth can a f f e c t  PAD in  two ways: by a f f e c ­
t i n g  th e  num ber 'o f  p s e u d o th e c i a  t h a t  form p e r  l e s i o n  ( p s e u d o t h e c i a l  
d e n s i t y ) ,  o r  by a f f e c t i n g  the  number o f  a sc i  t h a t  form p e r  pseudo-  
thecium (a s c a l  d e n s i t y ) .  Wilson (47) and Baines  (7) i n v e s t i g a t e d  th e  
e f f e c t s  o f  c u l t i v a r  on th e  r a t e  o f  p s e u d o t h e c i a l  deve lopm ent ,  bu t  d id  
n o t  a s s e s s  p s e u d o th e c i a l  o r  a s c a l  d e n s i t y .  M ol le r  (38) r e p o r t e d  t h a t  
s i x  c u l t i v a r s  d i f f e r e d  g r e a t l y  in  th e  number o f  a sc o s p o re s  d i s c h a r g e d  
from samples o f  u n i fo rm ly  i n f e c t e d  l e a v e s ,  b u t  f a i l e d  t o  r e p o r t  t h e  
u n d e r ly in g  cause  o f  t h e  obse rved  e f f e c t ,  i . e . ,  w h e th e r  t h e  d i f f e r e n c e s
8in  a s c o s p o re  p r o d u c t i v i t y  were due to  d i f f e r e n t  p s e u d o t h e c i a l  o r  a sc a l  
d e n s i t i e s .  J e g e r ,  e t  a l  (30) found t h a t  f o l i a r  l e s i o n s  on t h e  c u l t i -  
va rs  McIntosh,  D e l i c i o u s ,  and Golden D e l i c io u s  d id  n o t  d i f f e r  c o n s i s ­
t e n t l y  in  p s e u d o th e c i a l  d e n s i t y .  In 1979 and 1980, r e s p e c t i v e l y ,  
l e s i o n s  on McIntosh produced an av e rag e  o f  32 and 20 p s e u d o t h e c i a ,  l e s ­
io ns  on D e l i c io u s  produced  27 and 23 p s e u d o t h e c i a ,  and l e s i o n s  on 
Golden D e l i c io u s  produced  13 and 33 p s e u d o t h e c i a .  The e f f e c t s  o f  c u l ­
t i v a r  on a sc a l  d e n s i t y  have n o t  been i n v e s t i g a t e d .
Fung ic ides
Most r e s e a r c h  on t h e  development o f  p s e u d o th e c i a  o f  Ventu r i  a 
i n a e q u a l i s  has been co nduc ted  u s in g  unsprayed l e a v e s  ( 1 5 , 2 7 , 4 7 ) .  Few 
r e s e a r c h e r s  have examined th e  i n f l u e n c e  o f  a s e a s o n a l  s p ra y  program on 
PAD. One o f  t h e  most pronounced e f f e c t s  i s  upon t h e  morphology o f  the  
l e s i o n s .  Les ions  on l e a v e s  t h a t  have r e c e i v e d  s e v e r a l  f u n g i c i d e  s p ra y s  
a r e  g e n e r a l l y  d i s c r e t e ,  d i s t i n c t l y  c i r c u l a r ,  and a r e  l e s s  than  1 cm in 
d ia m e te r .  S i m i l a r  l e s i o n s  can be found on unsprayed  f o l i a g e ,  b u t  t h e  
l e s i o n  i s  a l s o  su r ro u n d ed  by a d i f f u s e  s u b c u t i c u l a r  s troma t h a t  may 
c o v e r  much o f  t h e  l e a f  s u r f a c e .  Wilson (47) found t h a t  d i f f u s e  s t r o m a ta  
p roduced more p s e u d o th e c i a  p e r  u n i t  a r e a  than d i s c r e t e  l e s i o n s .  While 
i n f e c t e d  le a v e s  remain a t t a c h e d  t o  th e  t r e e ,  t h e  e f f e c t  o f  t h e  f u n g i ­
c id e  sp ray  program i s  t o  l i m i t  c o l o n i z a t i o n  by th e  fungus  d u r in g  t h e  
p a r a s i t i c  phase .  Hoch and S z k o ln ik  (25) r e p o r t e d  t h a t  t h e  e f f e c t  o f  
a p p ly in g  benomyl,  p h e n y lm e rcu r ic  a c e t a t e ,  d o d in e ,  o r  fena r im o l  t o  e s t a b ­
l i s h e d  f o l i a r  i n f e c t i o n s  was one o f  f u n g i s t a s i s .  Although t h e  l e s i o n s  
d id  n o t  expand o r  s p o r u l a t e ,  i t  was s t i l l  p o s s i b l e  t o  i s o l a t e  Ventu r i  a 
i n a e q u a l i s  from le a v e s  p l a c e d  on a n u t r i e n t  medium. Ross and Newbery
9(43) found t h a t  s e a s o n a l  a p p l i c a t i o n s  o f  benomyl and fe n a r im o l  had r e s ­
id u a l  e f f e c t s  on p s e u d o t h e c i a l  f o r m a t i o n ,  and when used in  a f u l l  season  
program cou ld  co m p le te ly  s u p p re s s  a sc o c a rp  fo r m a t io n  in  i n f e c t e d  l e a v e s .  
They a l s o  n o te d  t h a t  a s c o c a rp  fo rm a t io n  was s u p p r e s s e d  on l e a f  d i s k s  
c u t  from sp ra y ed  t r e e s ,  s t e r i l i z e d  in  p ro p y le n e  o x i d e ,  and i n o c u l a t e d  
w i th  c o m p a t ib le  i s o l a t e s  o f  Venturi  a i n a e q u a l i s . Schwabe (44) r e p o r t e d  
t h a t  t h e  s u p p r e s s i v e  e f f e c t  o f  b en z im id azo le  f u n g i c i d e s  on a sc o c a rp  
fo rm a t io n  was l o s t  when t o l e r a n c e  o f  b en z im id az o le s  deve loped  du r in g  
th e  p a r a s i t i c  phase .
Seasonal a p p l i c a t i o n s  o f  f u n g i c i d e s  co u ld  a l s o  a f f e c t  PAD by 
q u a n t i t a t i v e l y  and q u a l i t a t i v e l y  a l t e r i n g  t h e  m i c r o f l o r a  on l e a f  l i t t e r  
( 3 , 4 ) ,  a l th o u g h  w h e th e r  t h e s e  changes  s t i m u l a t e  o r  r e p r e s s  a s c o c a rp  
fo rm a t io n  i s  u n c l e a r .
D isease  I n c id e n ce  and S e v e r i t y
Because V entur i  a i n a e q u a l i s  i s  h e t e r o t h a l l i c  ( 3 4 ) ,  t h e  i n c id e n c e  
and s e v e r i t y  o f  d i s e a s e  w i l l  a f f e c t  PAD th rough  t h e i r  e f f e c t s  on t h e  
p r o b a b i l i t y  o f  p a i r i n g  o f  co m p a t ib le  mating  t y p e s .  The g r e a t e r  t h e  
number o f  i n f e c t i o n s ,  and th e  h i g h e r  t h e  p r o p o r t i o n  o f  i n f e c t e d  l e a v e s ,  
th e  g r e a t e r  w i l l  be t h e  o p p o r t u n i t y  f o r  hyphal a n as to m o s is  a f t e r  l e a f  
f a l l .  Wilson (47) found th e  d e n s e s t  g roup ings  o f  p s e u d o th e c i a  on 
h e a v i l y  i n f e c t e d  l e a v e s  covered  by d i f f u s e  s t r o m a t a .
F a c to r s  A f f e c t i n g  PAD a f t e r  Leaf Fa l l
Tempera ture  and M ois tu re
The e f f e c t s  o f  t e m p e r a t u r e  and m o i s t u r e  on development o f  pseudo­
t h e c i a  o f  Ventu r i  a i n a e q u a l i s  were r e c e n t l y  rev iew ed  by Gadoury (15)
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and t h e  r e s u l t s  o f  r e c e n t  i n v e s t i g a t i o n s  in  t h i s  a r e a  were r e p o r t e d  by 
Gadoury and MacHardy. ( 1 6 , 1 7 , 1 8 ) ,  Gadoury,  e t  a l  ( 2 0 ) ,  and James and 
S u t to n  (2 7 ) .  Tempera ture  a f f e c t s  t h e  r a t e  o f  m a tu r a t i o n  o f  pseudo­
t h e c i a ,  t h e  number o f  p s e u d o th e c i a  t h a t  form, and t h e  number o f  a sc i  
t h a t  form p e r  pseudotheciurn .  The number o f  p s e u d o th e c i a  t h a t  form p e r  
l e s i o n  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  t e m p e r a t u r e  o f  t h e  28-day 
p e r i o d  f o l lo w in g  l e a f  a b s c i s s i o n  (1 7 ) .  However, t h e  r a t e  o f  d i a m e te r  
i n c r e a s e  o f  a s c o c a rp s  in  e a r l y  development i s  g r e a t e s t  a t  10 C, and i s  
p r o g r e s s i v e l y  l e s s  a t  t e m p e r a t u r e s  above o r  below 10 C (1 7 ) .  The number 
o f  a s c i  t h a t  form p e r  pseudotheciurn  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  th e  
t e m p e r a t u r e  d u r in g  th e  p e r i o d  between t h e  f i r s t  appea rance  o f  ascus
i n i t i a l s  and th e  f i r s t  ap pea rance  o f  matu re  a s c o s p o re s  (2 0 ) .  The r a t e
o f  m a tu r a t i o n  o f  a sc o s p o re s  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t e m p e r a t u r e  
from 4 t o  20 C ( 1 7 ,2 7 ) .  Gadoury and MacHardy (18) d e s c r i b e d  and v a l ­
i d a t e d  a m athem at ica l  model t h a t  e x p r e s s e d  t h e  r e l a t i o n s h i p  between 
t e m p e r a t u r e  and a sc o s p o r e  m a t u r a t i o n .
M ois tu re  can a f f e c t  p s e u d o t h e c i a l  deve lopm ent ,  b u t  ap p ea rs  to  
f u n c t i o n  as a l i m i t i n g  f a c t o r  r a t h e r  than a r a t e  d e te r m in in g  v a r i a b l e
( 2 7 , 2 8 ) ,  i . e . ,  d ryness  checks  m a t u r a t i o n ,  bu t  in t h e  p r e s e n c e  o f  s u f ­
f i c i e n t  m o i s tu r e  th e  r a t e  o f  m a tu r a t i o n  ap p ea rs  t o  be t e m p e r a t u r e  
dependen t  ( 1 7 , 2 7 , 2 8 ) .  S i m i l a r  r e s u l t s  were r e p o r t e d  by J e g e r  and B u t t  
in  England (2 9 ) .  In New Hampshire and New York, d ryness  d id  n o t  
ap p e a r  t o  be a s i g n i f i c a n t  f a c t o r  in  a s c o s p o re  m a tu a t io n  under  f i e l d  
c o n d i t i o n s  ( 1 8 ) ,  a l th o u g h  in  North C a r o l in a  dry  s p r i n g  c o n d i t i o n s  
o c c a s i o n a l l y  de lay ed  a sc o s p o re  m a tu r a t i o n  (2 8 ) .  E x cess ive  soak ing  o f  
l e a f  t i s s u e  and t e m p e r a t u r e s  above 22 C have been r e p o r t e d  to  cause  
a b o r t i o n  o f  p s e u d o th e c i a  (4 7 ) .  Ascospore  m a tu r a t i o n  p roceeds  indepen ­
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d e n t  o f  a s c o s p o re  d i s c h a r g e ,  and t h e  i n t e r v a l  between a sc o s p o re  r e l e a s e s  
has no s i g n i f i c a n t  e f f e c t  on development o f  p s e u d o th e c ia  (2 0 ) .
A n t a g o n i s t i c  M ic r o f lo r a  and ^ lycoparas i t i sm
Once V e n tu r i a  i n a e q u a l i s  has c o lo n iz e d  l e a f  t i s s u e  d u r in g  t h e  p a r a ­
s i t i c  p h a se ,  th e  fungus has  a q u a l i t a t i v e  and q u a n t i t a t i v e  i n f l u e n c e  on 
t h e  m i c r o f l o r a  t h a t  deve lop  a f t e r  l e a f  f a l l  (4 5 ) .  Ventu r i  a i n a e q u a l i s  
i s  a s s o c i a t e d  w i th  s e v e r a l  organisms d u r ing  th e  s a p r o p h y t i c  phase .
These a s s o c i a t i o n s  can be c o m p e t i t i v e  ( 4 1 ) ,  a n t a g o n i s t i c  ( 2 , 1 1 , 2 2 , 4 2 ) ,  
p a r a s i t i c  ( 4 8 ) ,  o r  n e u t r a l  (4 4 ) .  Whether o r  n o t  t h e s e  a s s o c i a t i o n s  a r e  
s i g n i f i c a n t  d e t e r m in a n t s  o f  PAD in commercial o r c h a rd s  i s  u n c l e a r .  How­
e v e r ,  some i n t e r e s e t i n g  e f f e c t s  have been no ted  in  a few f i e l d  and l a b ­
o r a t o r y  s t u d i e s .  Cook (11) and Ross and B u r c h i l l  (42) s t u d i e d  th e  e f f e c t  
o f  p o s t - h a r v e s t  u rea  sp ra y s  on a sc o c a rp  f o r m a t io n .  Cook (11) found 
t h a t  u rea  s o f t e n e d  l e a f  t i s s u e  and i n c r e a s e d  t h e  p a l a t a b i l i t y  o f  t h e s e  
le a v e s  to  earthworms (Lumbricus t e r r e s t r i s  L . ) .  Raw (41) had. found t h a t  
earthworms were im p o r t a n t  a g e n t s  in  l e a f  b u r i a l ;  worms removed o v e r  90% 
o f  t h e  l e a f  l i t t e r  in  some o r c h a r d s .  P o p u la t io n s  o f  a n t a g o n i s t i c  m ic ro ­
f l o r a  were a l s o  s t i m u l a t e d  by u rea  ( 1 1 ,4 2 ) .  Heye and Andrews (22) 
a ch ie v e d  80-100% r e d u c t i o n s  in  a sc o c a rp  numbers by ap p ly in g  spo re  s u s ­
p e n s io n s  o f  A t h e l i a  bombacina P e r s .  o r  Chaetomium qlobosum Kze. to  d e t ­
ached i n f e c t e d  l e a v e s .  A t h e l i a  bombacina i n h i b i t e d  pseudothec ium form­
a t i o n  by n u t r i e n t  c o m p e t i t i o n  and a n t i b i o s i s  ( 2 2 ) ,  and has been p a t e n t e d  
as a b i o l o g i c a l  c o n t r o l  a g e n t  f o r  app le  scab .
H y p e r p a r a s i t i s m  o f  Ventur i  a i n a e q u a l i s  by C ladospor i  urn and 
Hyalodendron spp. has been r e p o r t e d  ( 4 8 ) ,  bu t  i t  i s  n o t  c l e a r  i f  t h i s  
i s  t r u e  p a r a s i t i s m ,  o r  i f  t h e  p s e u d o th e c i a  a r e  c o lo n iz e d  as  th e y  degen­
e r a t e  in l a t e  s p r i n g  a f t e r  d i s c h a r g i n g  t h e i r  a s c o s p o r e s .
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Leaf L i t t e r  Densi ty
Any f a c t o r  t h a t  reduces  th e  p r o p o r t i o n  o f  t h e  o rc h a rd  f l o o r  cov­
e re d  by l e av e s  w i l l  cause  a c o r r e sp o n d in g  r e d u c t io n  in PAD. The 
im por tance  o f  l e a f  decom pos i t ion  as a d e t e r m in a n t  o f  PAD was r e co g n ized  
by H i r s t  and Stedman ( 2 4 ) ,  who found g r e a t  d i f f e r e n c e s  in t h e  numbers 
o f  a s c o sp o re s  t r a p p e d  in o rc h a r d s  t h a t  were s i m i l a r l y  i n f e c t e d  a t  t h e  
t im e  o f  l e a f  f a l l .  They b e l i e v e d  t h a t  th e  d i f f e r e n c e s  in  t h e  amounts 
o f  a i r b o r n e  inoculum were due t o  d i f f e r e n c e s  in t h e  amounts o f  l e a f  
l i t t e r  t h a t  s u rv iv e d  w i n t e r .  Raw (41)  found t h a t  ear thworms were t h e  
main a g e n t s  o f  l e a f  removal in B r i t i s h  o r c h a r d s ,  and t h a t  d i f f e r e n c e s  
in  th e  amounts o f  o v e r w in t e r in g  l e a f  l i t t e r  were r e l a t e d  to  d i f f e r e n c e s  
in th e  d e n s i t y  o f  earthworm p o p u l a t i o n s .  In New Hampshire,  v igo rous  
t r e e s  in  commercial o r c h a r d s  r e t a i n  t h e i r  l e av es  u n t i l  e a r l y  November, 
th u s  th e  o p p o r t u n i t y  f o r  l e a f  removal by ear thworms i s  much l e s s  as the  
s o i l  f r e e z e s  s h o r t l y  a f t e r  l e a f  f a l l .  Ea r ly  l e a f  a b s c i s s i o n  in New 
Hampshire i s  a s s o c i a t e d  w i th  i n c r e a s e d  l e a f  decompos i t ion  (17) .
Ascal D ensi ty
Most e a r l y  r e p o r t s  o f  t h e  number o f  a sc i  formed in p seu d o th e c ia  
o f  V e n tu r i a  i n a e q u a l i s  were much lower  than th o s e  r e p o r t e d  r e c e n t l y  
from New Hampshire.  Adams (1) s t a t e d  t h a t  a p p ro x im a te ly  40 a sc i  form 
p e r  pseudotheciurn ,  w h i l e  P a l m i t e r  (40) r e p o r t e d  t h a t  th e  number v a r i e d  
from 10 t o  50 a s c i .  Recent i n v e s t i g a t i o n s  by Gadoury ( 1 5 ) ,  and Gadoury, 
e t  a l  (20) have i d e n t i f i e d  t h e  f a c t o r s  t h a t  govern ascus  fo rm at ion  and 
have p o in t e d  ou t  e r r o r s  in  p a s t  c a l c u l a t i o n s  o f  a s c a l  d e n s i t y  (16 ) .
Based on th e  most r e c e n t  a s s e s s m e n t s ,  V en tu r ia  i n a e q u a l i s  w i l l  produce 
a p p ro x im a te ly  100 to  130 a s c i  pe r  pseudotheciurn in New Hampshire and
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c o r r e s p o n d i n g l y  more o r  l e s s  a s c i  in  o t h e r  a r e a s  depending  on e a r l y  
s p r i n g  t e m p e r a t u r e s  (20) .
CHAPTER II  
MATERIALS AND METHODS
Assessment  o f  Lesion D e n s i ty
In o r d e r  t o  a s s e s s  l e s i o n  d e n s i t y  and p s e u d o t h e c i a l  d e n s i t y ,  i t  
was n e c e s s a r y  t o  s i m u l t a n e o u s l y  r e c o r d  t h e  number o f  l e s i o n s  found ,  t h e  
p e r c e n t a g e  o f  l e a v e s  i n f e c t e d ,  and t h e  t o t a l  l e a f  a r e a  examined. 
R egress ion  models t o  e s t i m a t e  t h e  l e a f  a r e a  examined d u r in g  a s se s s m e n ts  
o f  app le  scab  i n c i d e n c e  and s e v e r i t y  were deve loped  as f o l l o w s .  In 
September  o f  1981, 1982, and 1983, 30 t e r m in a l  sh o o t s  were s e l e c t e d  a t  
random from McIntosh,  C o r t l a n d ,  and D e l i c io u s  t r e e s  a t  Avaloch Farm
( f o rm e r ly  High Meadow O rcha rds )  in  Loudon, NH; Gould H i l l  Orchard in 
Contoocook, NH; Moose H i l l  Orchard  in Londonderry ,  NH; and S u n n y c re s t  
Orchard in Londonderry ,  NH. The le a v e s  on each sh o o t  were coun ted  and 
th e  t o t a l  l e a f  a r e a  o f  each  s h o o t  was measured p h o t o m e t r i c a l l y .  To ta l  
l e a f  a r e a  p e r  s h o o t  was r e g r e s s e d  a g a i n s t  t h e  t o t a l  number o f  l e a v e s  
p e r  s h o o t .  Comparisons o f  mean s h o o t  a r e a  and mean number o f  l e a v e s  
p e r  shoo t  were made based  upon t h e  y e a r  o f  c o l l e c t i o n ,  o r c h a r d ,  and 
c u l t i v a r  t o  d e te rm in e  i f  s i g n i f i c a n t  d i f f e r e n c e s  (P=0.05) in  a r e a  o r  
number o f  l e a v e s  p e r  sh o o t  were a f f e c t e d  by t h e s e  v a r i a b l e s .  F i n a l l y ,  
a l l  t h e  d a ta  were combined t o  produce  a g en e ra l  model f o r  a l l  t h r e e  
c u l t i v a r s .
Disease  i n c id e n c e  and s e v e r i t y  were a s s e s s e d  j u s t  b e f o r e  l e a f  f a l l  
on d a t e s  and a t  l o c a t i o n s  in  Table  1. Twenty t e r m in a l  s h o o t s  were exam­
ined  on 10 McIntosh ,  C o r t l a n d ,  and D e l i c io u s  t r e e s  a t  each commercial  
o r c h a rd  and a t  th e  Woodman Farm. The number o f  i n f e c t e d  le a v e s
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and t h e  number o f  l e s i o n s  p e r  s cabbed  l e a f  were r e c o r d e d .  In a d d i t i o n  
t o  t h e  a s s e s s m e n t s  made in  commercial  o r c h a r d s ,  d i s e a s e  i n c i d e n c e  and 
s e v e r i t y  were a l s o  a s s e s s e d  as above by examining 20 t e rm in a l  sh o o t s  on
each  o f  t h r e e  McIntosh t r e e s  used f o r  t h e  f o l l o w i n g  f u n g i c i d e  t e s t s  a t  
t h e  Mast Road Research  Orchard  in  Durham, NH (Tab le  1 ) .  The t r e e s  were 
sp ra y ed  a t  7 -14  day i n t e r v a l s  w i th  e i t h e r  ( i )  c a p t a n ,  ( i i )  D ik a r ,  o r  
( i i i )  t h i o p h a n a te - m e th y l  + z i r a m .  Records o f  t h e  f u n g i c i d e  sp ra y  
programs were o b t a i n e d  f o r  each  o f  t h e  commercial  and r e s e a r c h  o rc h a rd  
s i t e s .
Assessments  o f  P s e u d o th e c i a l  D e n s i ty
Between 100 and 300 scabbed  l e a v e s  were c o l l e c t e d  from McIntosh 
t r e e s  a t  each o f  t h e  o r c h a r d s  in T ab le  1. The l e a v e s  were s t o r e d  o v e r ­
w i n t e r  in w i re  mesh t r a y s  a t  t h e  Mast Road Research  Orchard in Durham. 
Once a s c i  had begun t o  deve lop  in  s p r i n g ,  t h e  l e a v e s  were in c u b a t e d  a t  
10 C, 90% RH f o r  7-14 days .  The l e s i o n s  were  then  examined u s ing  a 
t r a n s m i t t e d  l i g h t  d i s s e c t i n g  m ic ro sco p e  (25 X) and th e  number o f  
p s e u d o th e c i a  o f  V e n tu r i a  i n a e q u a l i s  a s s o c i a t e d  w i th  each l e s i o n  was 
re c o rd e d .  F r u i t i n g  bod ie s  which cou ld  n o t  be i d e n t i f i e d  a t  25 X were 
removed, c ru sh ed  on. g l a s s  s l i d e s ,  and examined a t  100-675 X as  d e s c r i b e d  
by Gadoury and MacHardy (1 6 ) .
In October  o f  1983, scabbed  l e a v e s  were c o l l e c t e d  from McIntosh ,  
C o r t l a n d ,  and D e l i c io u s  t r e e s  a t  the  Moose H i l l  Orchard .  The l e av e s  
were s t o r e d  ov e r  w i n t e r  in  w i re  mesh t r a y s  a t  t h e  Mast Road Research 
Orchard  u n t i l  10 February  1984. Twenty l e a v e s  o f  each c u l t i v a r  were 
then  i n c u b a ted  f o r  30 days a t  10 C, 90% RH. The number o f  p se u d o th e c ia  
t h a t  formed p e r  l e s i o n  was then  de te rm ined  as above.
16
E s t im a t io n  o f  Ascal D ens i ty
The number o f  a s c i  t h a t  formed in p s e u d o t h e c i a  o f  V e n tu r ia  i n a e q u a l i s  
was a s s e s s e d  a t  weekly i n t e r v a l s  d u r i n g  1981-1983 a t  t h e  Mast Road 
Research  Orchard.  S i m i l a r  s t u d i e s  were conduc ted  a t  t h e  Moose H i l l  and 
Gould H i l l  o r c h a r d s  d u r in g  1982. P s e u d o th e c i a  from l e a v e s  t h a t  had 
o v e r w in t e r e d  a t  each  s i t e  were c ru s h e d  on g l a s s  s l i d e s  and examined as
d e s c r i b e d  by Gadoury and MacHardy (1 6 ) .
S in c e  t e m p e r a t u r e  had been shown t o  p r e d i c t a b l y  a f f e c t  a s c a l  d e n s i t y  
( 1 5 , 2 0 ) ,  and because  t h e  e f f e c t  o f  t e m p e r a t u r e  on a s c a l  d e n s i t y  o ccu rs  
d u r in g  a r e l a t i v e l y  s h o r t  p e r i o d  in  New Hampshire ( 2 0 ) ,  h i s t o r i c a l  r e ­
co rds  o f  d a i l y  mean t e m p e r a t u r e s  d u r in g  t h e  p e r i o d  o f  a scus  development 
were a n a ly z e d  t o  d e te rm in e  t h e  f e a s i b i l i t y  o f  p r e d i c t i n g  a s c a l  d e n s i t y  
based  on t y p i c a l  s p r i n g  t e m p e r a t u r e s .
In Oc tober  o f  1983, scabbed  l e a v e s  were c o l l e c t e d  from McIntosh ,  
C o r t l a n d ,  and D e l i c i o u s  t r e e s  a t  t h e  Moose H i l l  Orchard.  The le a v e s  
were s t o r e d  o v e r w i n t e r  in w i r e  mesh t r a y s  a t  t h e  Mast Road Research  
Orchard  u n t i l  10 February  1984. Twenty l e a v e s  o f  each v a r i e t y  were 
then  i n c u b a t e d  f o r  30 days a t  10 C, 90% RH. The number o f  a s c i  t h a t  
formed in  p s e u d o th e c i a  from each c u l t i v a r  was a s s e s s e d  as  d e s c r i b e d  by 
Gadoury and MacHardy (16) .
Leaf  L i t t e r  D ens i ty
Four o rc h a r d s  (Table  2) a t  v a r i o u s  l o c a t i o n s  in  New Hampshire were 
chosen f o r  s tu d y .  The o r c h a r d s  were s e l e c t e d  f o r  v a r i a b i l i t y  w i th  
r e s p e c t  t o  a g e ,  t o p o g ra p h y ,  c u l t i v a r s ,  and p l a n t i n g  d e n s i t y .  The 
Kingman Farm o rc h a r d  a t  t h e  New Hampshire A g r i c u l t u r a l  Experiment S t a t i o n  
in Madbury covers  an a r e a  o f  a p p ro x im a te ly  1 .5  a c r e s .  The t r e e s  a r e
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sem i-dw arf  McIntosh and C o r t l a n d  on MM-106 r o o t s t o c k s .  Avaloch Farm in 
Loudon covers  30 a c r e s  o f  r o l l i n g  h i l l s  o u t s i d e  th e  c i t y  o f  Concord.
The t r e e s  a r e  sem i-dw ar f  M cIntosh ,  C o r t l a n d ,  D e l i c i o u s ,  and Empire on 
M-7 r o o t s t o c k s .  The Gould H i l l  Orchard i s  an o ld  p l a n t i n g  o f  very 
l a r g e  t r e e s  l o c a t e d  in  th e  f o o t h i l l s  o f  th e  White Mountain range .  The 
o rc h a rd  c o n ta i n s  numerous c u l t i v a r s  on s e e d l i n g  r o o t s .  Moose H i l l  
Orchard covers  ab o u t  30 a c r e s  o f  f l a t ! a n d  in t h e  Merrimack R iver  V a l ley .  
The t r e e s  a r e  s em i-dw ar f  M cIntosh ,  C o r t l a n d ,  and D e l i c i o u s  on M-7 r o o t ­
s to c k s .
To a s s e s s  l e a f  l i t t e r  d e n s i t y  in  each o r c h a r d ,  a p o i n t - i n t e r c e p t  
method was used. Four t r e e s  were s e l e c t e d  a t  random from each  o rc h a r d .
At each o f  t h e  f o u r  t r e e s ,  f o u r  t r a n s e c t s  were run on d i a g o n a l s  a c r o s s  
th e  a d j a c e n t  rows. A s t e e l  t a p e  was s t r e c h e d  a long  each t r a n s e c t .  A 
random number between 1 and 12 was used as t h e  s t a r t i n g  p o i n t  o f  t h e  t ap e  
( i . e .  5 = f i v e  in ch es  from end o f  t a p e ) .  At one f o o t  i n t e r v a l s  t h e r e a f t e r  
the  p re sen ce  o r  absence  o f  l e a v e s  under  th e  t a p e  was r e c o r d e d .  The 
p r o p o r t i o n  o f  th e  o rc h a rd  f l o o r  a long  a t r a n s e c t  then  covered  by l e a f  
l i t t e r  was computed as t h e  p r o p o r t i o n  o f  th e  p o i n t s  under  which l e av e s  
were found. Leaf l i t t e r  d e n s i t y  was a s s e s s e d  a t  each s i t e  from 1981- 
1983 a t  the  t ime o f  l e a f  f a l l ,  and a t  s i l v e r  t i p , b l o o m ,  and p e t a l  f a l l  
the  fo l l o w in g  s p r i n g .
Leaf decay d u r in g  s p r i n g  was m oni to red  a t  t h e  Mast Road Research 
Orchard d u r ing  1981 and 1982. Three samples  o f  50 l e a v e s  were c o l l e c t e d  
j u s t  p r i o r  t o  bud b reak  and were p l a c e d  in w i re  mesh t r a y s  a t  th e  
o rc h a rd .  At two week i n t e r v a l s ,  th e  a r e a  o f  each sample was measured 
p h o t o m e t r i c a l l y ,  t h e  l e a v e s  were a i r - d r i e d  f o r  24 h o u r s ,  w e ighed ,  and 
then r e t u r n e d  to  t h e  o rc h a r d .
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Table  1. Commercial and r e s e a r c h  o rc h a rd  s i t e s  o f  l e s i o n  and pseudo­
t h e c i a l  d e n s i t y  s t u d i e s .
Year Orchard Location
1981 Avaloch Farm Loudon
1981 Apple Acres Windham
1981 Moose H i l l  Orchard Londonderry
1981 Mast Road Research  Orchard (cap tan  
t r e a t e d  t r e e s )
Durham
1981 Mast Road Research  Orchard (Dikar  
t r e a t e d  t r e e s )
Durham
1981 Mast Road Research Orchard ( t h i o p h a n a t e -  
methyl + z i ram  t r e a t e d  t r e e s )
Durham
1982 Avaloch Farm (c a p ta n  t r e a t e d  t r e e s ) Loudon
1982 Avaloch Farm (CGA-64251 t r e a t e d  t r e e s ) Loudon
1982 Gould H i l l  Orchard  ( s t a n d a r d  t r e e s ) Contoocook
1982 Gould H i l l  Orchard (sem i-dw arf  t r e e s ) Contoocook
1982 Moose H i l l  Orchard Londonderry
1982 P over ty  Lane Orchard West Lebanon
1982 S u n n y c re s t  Orchard Londonderry
1982 Wildwood Farm Northwood
1982 Woodman H o r t i c u l t u r a l  Farm Durham
1982 Woodmont Orchards Winn Mtn.
1983 A p p l e c r e s t  Orchards Hampton
1983 Avaloch Farm Loudon
1983 Gould H i l l  Orchard Contoocook
1983 Moose H i l l  Orchard Londonderry
1983 S u n n y c re s t  Orchard Londonderry
1983 Woodman H o r t i c u l t u r a l  Farm Durham
Table  2.  Commercial and r e s e a r c h  o rc h a r d  s i t e s  o f  l e a f  l i t t e r  d e n s i t y  
s t u d i e s .
Orchard Locat ion
P l a n t i n g  d e n s i t y  
Year e s t a b l i s h e d  ( t r e e s  p e r  a c r e )
Avaloch Loudon 1975 114
Gould H i l l Contoocook 1913 25
Moose H i l l Londonderry 1960 143
Kingman Farm Durham 1965 90
CHAPTER I I I
RESULTS
Area and Number o f  Leaves on Terminal  Shoots
The y e a r  o f  c o l l e c t i o n  and o rc h a rd  s i t e  had no s i g n i f i c a n t  e f f e c t
(P=0.05) on e i t h e r  t h e  t o t a l  l e a f  a r e a  o f  t e r m i n a l  s h o o t s  o r  t h e  mean
number o f  l e a v e s  p e r  s h o o t .  McIntosh t r e e s  produced sh o o ts  t h a t  averaged
15.6 le a v e s  p e r  s h o o t  w i th  a t o t a l  l e a f  a r e a  o f  424 cm2 (F ig .  1) .  C o r t lan d
t r e e s  produced sh o o t s  t h a t  averaged  15.1 l e a v e s  p e r  s h o o t  w i th  a t o t a l  l e a f  
2
a rea  o f  468 cm (F ig .  2 ) ,  w h i l e  D e l i c i o u s  t r e e s  produced sh o o t s  t h a t
p
averaged  18 .8  l e a v e s  p e r  s h o o t  w i th  a t o t a l  l e a f  a r e a  o f  396 cm (F ig .  3 ) .  
McIntosh and C o r t l a n d  t r e e s  d id  n o t  d i f f e r  s i g n i f i c a n t l y  in  l e a v e s  pe r  
s h o o t  o r  t o t a l  s h o o t  a r e a .  D e l i c i o u s  t r e e s  produced  more l e a v e s  pe r  
s h o o t  than  d id  McIntosh o r  C or t land*  and t h e  t o t a l  l e a f  a r e a  o f  D e l i c io u s  
shoo ts  was s i g n i f i c a n t l y  l e s s  than  t h a t  o f  C o r t l a n d ,  bu t  n o t  o f  McIntosh 
Combining th e  d a ta  from a l l  t h r e e  c u l t i v a r s  produced a g e n e ra l  model 
t h a t  cou ld  be used to  e s t i m a t e  s h o o t  a r e a  and l e a v e s  p e r  s h o o t  in  
mixed p l a n t i n g s .  The mean number o f  l e a v e s  p e r  s h o o t  and t h e  t o t a l  s h o o t  
a rea  o f  t h e  combined d a t a  d i f f e r e d  by a maximum o f  12% from t h a t  o f  any 
s i n g l e  c u l t i v a r  ( F ig .  4 ) .
D isease  In c id e n ce  and S e v e r i t y
D isease  i n c i d e n c e  a t  t h e  t ime o f  l e a f  f a l l  was low in  commercial 
o r c h a r d s .  In 13 o f  17 c a se s  t h e  p e r c e n t a g e  o f  l e a v e s  i n f e c t e d  was l e s s  
than 3%, and in  9 case s  i t  was l e s s  than  1% (T ab le  3 ) .  McIntosh,
20
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C o r t l a n d ,  and D e l i c io u s  t r e e s  d id  n o t  d i f f e r  c o n s i s t e n t l y  in  e i t h e r  t h e  
p e rc e n ta g e  o f  l e a v e s  i n f e c t e d  o f  t h e  number o f  l e s i o n s  p e r  scabbed l e a f .
The modal v a lu e  o f  l e s i o n s  p e r  i n f e c t e d  l e a f  was 1. The l e s i o n s  were 
g e n e r a l l y  on th e  a d a x ia l  s u r f a c e ,  d i s c r e t e  and d e f i n i t e l y  margined ( 4 7 ) ,  
and l e s s  than  1 cm in  d i a m e t e r .  Y ear ly  d i f f e r e n c e s  in  d i s e a s e  in c id e n c e  
were n o t  pronounced e x c e p t  in  1982, when e r r o r s  in  s p r a y e r  c a l i b r a t i o n  
(W.E. MacHardy, u n p u b l i sh e d  d a t a )  r e s u l t e d  in h i g h e r  i n c id e n c e s  o f  scab  
a t  Gould H i lT ,  Pover ty  Lane,  and Woodmont Orchards  (Table  3 ) .
Les ion D ens i ty
Lesion d e n s i t y  was computed by d i v i d i n g  t h e  t o t a l  number o f  l e s i o n s  
counted  by an e s t i m a t e  o f  t h e  t o t a l  l e a f  a r e a  examined (Table  4 ) .  S ince  
t h e r e  were on ly  smal l  d i f f e r e n c e s  between t h e  number o f  l e a v e s  p e r  
s h o o t  and t h e  t o t a l  s h o o t  a r e a  o f  t h e  v a r io u s  c u l t i v a r s ,  t h e  t o t a l  l e a f  a r e a  
examined was e s t i m a t e d  u s in g  th e  g e n e ra l  model (F ig .  4) as f o l l o w s :
L = Z£/Ea
2where L = l e s i o n  d e n s i t y ;  l e s i o n s  p e r  m l e a f
s u r f a c e  a t  t im e  o f  l e a f  f a l l ,  
i  = l e s i o n s  c oun ted  d u r in g  a s s e s s m e n t ,  
and a = mean, l e a f  a r e a  o f  t e r m in a l  s h o o t s .
The s t a n d a r d  e r r o r  o f  L was computed as d e s c r i b e d  by F ree se  (1 4 ) .
P se u d o th e c ia l  D ensi ty
No s i g n i f i c a n t  d i f f e r e n c e s  in  p s e u d o t h e c i a l  d e n s i t y  o c c u r re d  on 
McIntosh,  C o r t l a n d ,  o r  D e l i c i o u s  l e a v e s  (Tab le  5 ) .  A high p e rc e n t a g e  
o f  th e  l e a v e s  from McIntosh t r e e s  in  v a r io u s  commercial  o r c h a r d s  f a i l e d
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t o  produce  p s e u d o th e c i a  (T ab le  6 ) .  When i n f e r t i l e  l e s i o n s  were examined 
m i c r o s c o p i c a l l y ,  numerous a b o r t e d  a s c o c a rp s  o f  V en tu r ia  i n a e q u a l i s , 
s i m i l a r  t o  t h o s e  observed  by K e i t t  and P a l m i t e r  ( 3 4 ) ,  were found in 
l e a f  t i s s u e  s u r ro u n d in g  t h e  s u b c u t i c u l a r  s t ro m a ta  (F ig .  5 ) .  The p e r ­
cen tag e  o f  l e a v e s  i n f e c t e d  a t  t h e  t ime  o f  l e a f  f a l l  was d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  p e r c e n ta g e  o f  l e s i o n s  on McIntosh le av e s  t h a t  
formed p s e u d o th e c i a .  However, even when t h e  i n c id e n c e  o f  i n f e c t i o n  was 
n e a r  z e r o ,  ap p ro x im a te ly  3 p e r c e n t  o f  t h e  l e s i o n s  s t i l l  formed pseudo­
t h e c i a  (F ig .  6 ) .  No c o n s i s t e n t  r e l a t i o n s h i p  was found between pseudo­
t h e c i a l  d e n s i t y  and the  r a t e  o r  t im in g  o f  f u n g i c i d e  s p r a y s ,  o r  th e  
a c t i v e  i n g r e d i e n t  o f  f u n g i c i d e s  used in  commercial  o r c h a r d s ,  a l th o u g h  
f e r t i l e  l e s i o n s  from McIntosh t r e e s  t h a t  r e c e i v e d  r e g u l a r  a p p l i c a t i o n s  
o f  th io p h a n a te - m e th y l  produced  th e  f e w e s t  p s e u d o th e c ia  (Table  6 ) .  By 
combining th e  d a t a  from a l l  s i t e s ,  a mean number o f  p se u d o th e c ia  
formed p e r  f e r t i l e  l e s i o n  o f  21 .6  w i th  a s t a n d a r d  e r r o r  o f  2 .61  was c a l ­
c u l a t e d .  P s e u d o th e c ia l  d e n s i t y  was then  th e  p ro d u c t  o f  l e s i o n  f e r t i l i t y  
and t h e  number o f  p s e u d o th e c i a  p e r  f e r t i l e  l e s i o n :  c^ = f  *
where c^ = p s e u d o t h e c i a l  d e n s i t y ;  p s e u d o th e c ia  p e r
l e s i o n ,
f  = p r o p o r t i o n  o f  t h e  l e s i o n s  t h a t  a r e  
f e r t i l e ,
and = t h e  mean number o f  p s e u d o th e c ia  pe r
f e r t i l e  l e s i o n .
The s t a n d a r d  e r r o r  o f  l e s i o n  f e r t i l i t y  was c a l c u l a t e d  us ing  t h e  a l g e ­
b r a i c  s o l u t i o n  o f  N e te r  and Wasserman (3 9 ) .
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Ascal D ens i ty
C u l t i v a r  had no s i g n i f i c a n t  e f f e c t  on a s c a l  d e n s i t y  in  p s e u d o th e c ia  
from McIntosh ,  C o r t l a n d ,  and D e l ic io u s  l e a v e s  (Tab le  5 ) .  P seu d o th ec ia  
from McIntosh l e a v e s  produced  an av erage  o f  119 a s c i  (Tab le  7 ) .  When 
combined w i th  d a t a  r e p o r t e d  f o r  t h e  same o rc h a rd s  by Gadoury ( l6 )>  t h e  
av erage  a s c a l  d e n s i t y  e q u a l l e d  122, w i th  a s t a n d a r d  e r r o r  o f  7 .9 .
The mean d a i l y  t e m p e r a t u r e  o f  t h e  p e r i o d  from 15 March t o  15 A p r i l ,  
th e  t ime d u r in g  which a s c i  no rm a l ly  develop  in  New Hampshire o rc h a rd s  
(20)> was 4 C f o r  t h e  y e a r s  1959-1981; ranged from a low o f  2 C to  a high 
o f  7 C, w i th  a s t a n d a r d  e r r o r  o f  0 .3  C. Thus t h e  u n i f o r m i t y  in  a s c a l  
d e n s i t y  was r e f l e c t i v e  o f  u n i f o r m i ty  o f  t e m p e r a t u r e  d u r in g  t h e  p e r io d  
o f  ascus  fo r m a t io n .  Ascal d e n s i t y  o f  a l l  c u l t i v a r s  was s e t  equal  to
122, w i th  a s t a n d a r d  e r r o r  o f  7 . 9 ,  in  a l l  su b se q u e n t  c a l c u l a t i o n s .
Leaf L i t t e r  D ens i ty
Leaf l i t t e r  d e n s i t y  d e c r ea se d  c o n t in u o u s ly  from l e a f  f a l l  in l a t e
autumn to  p e t a l  f a l l  t h e  f o l l o w in g  s p r i n g  (Table  8 ) ,  b u t  th e  g r e a t e s t
r e d u c t io n s  in  l e a f  l i t t e r  d e n s i t y  o c c u r r e d  d u r ing  th e  w i n t e r .  Reductions  
in l e a f  l i t t e r  d e n s i t y  averaged  34% from l e a f  f a l l  t o  bud break  
th e  f o l l o w i n g  s p r i n g ,  b u t  only  16% from bud b u r s t  t o  p e t a l  f a l l .  No 
c o n s i s t e n t  c o r r e l a t i o n s  were no ted  between s i t e ,  y e a r ,  p l a n t i n g  d e n s i t y ,  
and l e a f  l i t t e r  d e n s i t y .  Assessment o f  l e a f  l i t t e r  d e n s i t y  a t  s i l v e r  
t i p  p ro v id ed  an e s t i m a t e  o f  l e a f  l i t t e r  d e n s i t y  t h a t  d id  n o t  d e c r e a s e  
g r e a t l y  d u r in g  t h e  p r im ary  i n f e c t i o n  sea so n .  The a r e a  and th e  dry 
w eigh t  o f  t h e  caged l e a v e s  a t  the  Mast Road o rc h a rd  d id  n o t  d e c r e a s e  
s i g n i f i c a n t l y  (P = 0 .0 5 )  du r in g  th e  s p r i n g  o f  1981 o r  1982.
Summary o f  Components t o  P r e d i c t  P o t e n t i a l  Ascospore  Dose
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MacHardy and J e g e r  (3 6 ) p roposed  a t h e o r e t i c a l  model t o  p r e d i c t  
p o t e n t i a l  a s c o s p o re  dose  o f  V e n tu r i a  i n a e q u a l i s :
PAD = L * c 1 * c2 * [_L * n 
where L = l e s i o n  d e n s i t y ,
Cj = p s e u d o th e c i a l  d e n s i t y ,
C£ = a s c a l  d e n s i t y ,
= l e a f  l i t t e r  d e n s i t y ,  
and n = 8 a s c o s p o re s  p e r  a s c u s .
This model was m od i f ied  and expanded t o  produce  a working model t o  
p r e d i c t  p o t e n t i a l  a s c o s p o re  dose  in commercial  o r c h a r d s .  Lesion d e n s i t y  
(L) was a s s e s s e d  by c o u n t in g  t h e  number o f  l e s i o n s  p e r  scabbed l e a f  U )  
on 200 t e r m i n a l s  from 10 t r e e s  o f  each c u l t i v a r .  The t o t a l  l e a f  a r e a  
examined (Ea) was computed from t h e  g e n e ra l  model shown in  f i g u r e  4.
L = E£/Ea 
2
Ea = 200 sh o o t s  * 430 cm * number o f  c u l t i v a r s  examined 
For example,  a t  Avaloch Farm in  1983,
E£ = 5 (Table  4)
Ea = 200 sh o o ts  * 430 cm2 * 3 c u l t i v a r s  
2
= 2 5 .8  m examined, 
t h e r e f o r e  L = 5 / 2 5 . 8  m2
2
= 0 .1938  l e s i o n s  pe r  m .
P se u d o th ec ia l  d e n s i t y  was e s t i m a t e d  from t h e  p ro d u c t  o f  a c o n s t a n t ,  t h e  
number o f  p se u d o th e c ia  t h a t  form p e r  f e r t i l e  l e s i o n  (T ab le  6 ) ,  and t h e
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e s t i m a t e d  p r o p o r t i o n  o f  t h e  l e s i o n s  t h a t  were f e r t i l e  (F ig .  6) .
° i  = 4  * f
where = p s e u d o th e c i a l  d e n s i t y ,
k^ = p s e u d o th e c ia  p e r  f e r t i l e  l e s i o n ;  2 1 .6 ,
and f  = p r o p o r t i o n  o f  l e s i o n s  t h a t  a r e  f e r t i l e
as e s t i m a t e d  by t h e  e q u a t i o n  from f i g u r e  6.
Using t h e  Avaloch Farm example from above ,  where 0.03% o f  t h e  l e a v e s  were
i n f e c t e d ,
f  = (2 .6 7  -  0.0496X + 0.290X2 ) /1 0 0  
where X = th e  p e r c e n ta g e  o f  l e a v e s  i n f e c t e d  a t  t h e
t ime o f  l e a f  f a l l .
Thus f  = 0.0267
and c x = 2 1 .6  * 0.0267
= 0 .577  p s e u d o th e c i a  p e r  l e s i o n .
With a s c a l  d e n s i t y  s e t  equal to  122, t h e r e  remains  on ly  t h e  a sse s sm e n t  
o f  l e a f  l i t t e r  d e n s i t y .  At Avaloch Farm in  1983, l e a f  l i t t e r  d e n s i t y
a t  t h e  t im e  o f  bud b reak  was 0 .292 (Tab le  8 ) .  The p o t e n t i a l  a s c o s p o re
dose  a t  Avaloch Farm cou ld  be c a l c u l a t e d  a s :
PAD = z s l / z a * f  * k j  * c2 * Ll  * n
= 0. 1938 * 0.0267 * 2 1 .6  * 122 * 0 .292 * 8
2
= 31.85 a s c o s p o re s  p e r  m o r c h a r d  f l o o r .
The s t a n d a r d  e r r o r  o f  PAD was computed u s in g  methods d e s c r i b e d  by F reese  
(14) and N e te r  and Wasserman (39) .  An i n t e r a c t i v e  FORTRAN program was 
c r e a t e d  t o  pe r fo rm  t h e  c a l c u l a t i o n s  t o  p r e d i c t  PAD and c a l c u l a t e  t h e
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s t a n d a r d  e r r o r  o f  PAD (Appendix I and I I ) .  The compute r program a l low ed  
th e  comparison o f  p o t e n t i a l  a s c o s p o re  doses  from d i f f e r e n t  o r c h a r d s  and 
a l lowed  th e  i d e n t i f i c a t i o n  o f  t h o s e  components t h a t  l a r g e l y  de te rm in e  
th e  a c c u ra cy  o f  t h e  p r e d i c t i o n  o f  PAD. At very  low d i s e a s e  l e v e l s ,  such 
as t h o s e  a t  S u n n y c re s t  Orchards  in  t h e  f a l l  o f  1983 (Table  3 ) ,  t h e  
s t a n d a r d  e r r o r  o f  PAD th e  f o l l o w i n g  s p r i n g  was 71% o f  t h e  p r e d i c t e d  
v a lu e ,  p r i m a r i l y  due t o  th e  l a r g e  e r r o r  i n h e r e n t  in  a s s e s s i n g  l e s i o n  
d e n s i t y  a t  low l e v e l s  o f  i n f e c t i o n  (T ab le  9 ) .  The p r e c i s i o n  o f  t h e  
p r e d i c t i o n  o f  PAD i n c r e a s e d  as  l e a f  i n f e c t i o n  i n c r e a s e d  up t o  a p p rox ­
im a te ly  10% i n f e c t i o n ,  aga in  due t o  a d e c r e a s e  in t h e  e r r o r  a s s o c i a t e d  
w i th  a sse s sm e n t  o f  l e s i o n  d e n s i t y  (Table  9 ) .  As l e a f  i n f e c t i o n  i n c r e a s e d  
above 10%, p r e c i s i o n  in p r e d i c t i n g  PAD aga in  d e c l i n e d ,  in  t h i s  c a se  due 
to  i n c r e a s e d  e r r o r  in  p r e d i c t i n g  l e s i o n  f e r t i l i t y  as t h e  range  o f  d a ta  
used in  d e v e lo p in g  th e  model shown in f i g u r e  6 was exceeded .
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Table  3. I n c id e n ce  and s e v e r i t y  o f  a p p le  scab  a t  commercial  and r e s e a r c h  
o rc h a rd  s i t e s  in  New Hampshire ,  1981-1983.
% Leaves i n f e c t e d x
Les ions  
p e r  i n f e c t e d l e a f
Year Orchard M C D Mean M C D Mean
1981 Avaloch Farm 3.51 2 .9 0 2 .5 6 2 .9 9 1.26 1.30 1 .00 1 .19
1981 Apple Acres 1 .13 1.21 1.21 1.18 1 .00 1.50 1.17 1 .22
1981 Moose H i l l 0 .29 0 .20 0 .36 0 .2 8 1.11 1.25 2 .0 3 1 .46
1981 Mast Road 
( c a p tan )
0 .20 ------- ------- ------- 1 .00 ------- ------- -------
1981 Mast Road 
(D ikar)
0 .4 0 ------- ------- ------- 1.07 ------- ------ -------
1981 Mast Road 
( t h i o p h a n a t e -  
m e th y l )
0 .4 6 1 .00
1982 Avaloch Farm 
(c a p ta n )
0 .22 0 .1 8 0 .24 0 .21 3 .14 1.00* 4 .7 5 2 .9 6
1982 Avaloch Farm 
(CGA-64251)
0 .0 3 0 .0 6 0 .0 3 0 .04 1.00 1.00 1 .00 1 .00
1982 Gould H i l l  
( s t a n d a r d  t r e e s
4 .7 5
)
6 .06 7 .27 6 .03 1 .64 2 .5 0 1 .38 1 .84
1982 Gould H i l l  
( s em i-dw arf )
9. 32*’ 5 .45 4 .5 4 6 .44 2 .17 1.83 2 .4 6 2 .1 5
1982 Moose H i l l 0 .2 3 0 .30 0 .12 0 .22 1.14 1.00 1 .00 1 .05
1982 Pover ty  Lane 2 0 .16 18.48 21 .81 20.15 2 .9 3 2 .6 3 2 .4 4 2 .67
1982 S unnyc re s t 2 .5 4 2 .02 3 .13 2 .5 6 1.42 1 .30 1.45 1 .39
1982 Wildwood Farm 0.52 0 .80 0 .00 0 .4 4 1.60 1.75 ------- 1 .68
1982 Woodman Farm 0 .3 4 0 .00 0 .1 8 0 .17 1.00 ------- 1 .14 1.07
1982 Woodmont 47 .82 4 8 .48 58.18* 51.49 ------- ------- ------- -------
1983 A p p le c r e s t 1.81 1.29 2 .0 4 1.71 1.91 1.23 1.77 1 .64
1983 Avaloch Farm 0 .0 6 0 .00 0 .03 0 .0 3 2 .00 ------- 1 .00 1 .50
1983. Gould H i l l 1.27 1.31 1.71 1 .43 1.36 1.23 1 .53 1.37
1983 Moose H i l l 0 .15 0 .3 0 0 .00 0.15 1.80 2 .3 3 ------- 2.97
1983 S u n n y c re s t 0 .0 3 0 .0 3 0 .00 0 .02 1 .00 1.00 1 .00
1983 Woodman Farm 0.12 0 .1 0 0 .03 0 .08 2 .25* 1.00 1 .00 1 .08
x E s t im a ted  p e rc e n t a g e  o f  l e a v e s  i n f e c t e d  based on 16 .5  l e a v e s  p e r  t e r m i ­
n a l .  Values fo l l o w e d  by an a s t e r i s k  a r e  s i g n i f i c a n t l y  d i f f e r e n t  
(P=0 .05) from v a lu es  w i t h i n  t h e  same row. M = McIntosh ,  C = C o r t l a n d ,  
D = D e l i c i o u s .
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Table
s i t e s
4. Apple scab  l e s i o n  d e n s i t y  a t  commercial  
in  New Hampshire,  1981-1983.
and r e s e a r c h  o rc h a rd
Lesions  
p e r  200 sh o o ts 2 xLesion d e n s i t y  (m )
Year Orchard M C D Tota l M C D Mean
1981 Avaloch Farm 146 125 85 356 16.98 14.53 9 .88 13.80
1981 Apple a c r e s 37 60 47 144 4 .3 0 6 .98 5 .47 5 .58
1981 Moose H i l l 11 8 24 43 1 .28 0 .93 2 .79 1.67
1981 Mast Road 
( c a p ta n )
6 — — — 0 .70 ------- ------- -------
1981 Mast Road 
(Di ka r )
14 — — — 1 .63 ------- ---- ~ ------
1981 Mast Road 
( t h i o p h a n a t e -  
m e th y l )
15 1 .74
1982 Avaloch Farm 
( c a p ta n )
23 6 38 67 2 .6 7 0 .70 4 .42 2 .60
1982 Avaloch Farm 
(CGA-64251)
1 2 1 4 0 .12 0 .23 0 .12 0 .16
1982 Gould H i l l  257 
( s t a n d a r d  t r e e s )
500 331 1088 2 9 .88 58.14 38.49 42.17
1982 Gould H i l l  
( sem i-dw arf )
667 329 368 1364 77 .56 38.26 42.79 52.87
1982 Moose H i l l 8 10 4 22 0 .9 3 1.16 0 .47 0.85
1982 P over ty  Lane 1949 1603 1756 5308 226 .63 186.40 204.19 205.74
1982 S u n n y c re s t 120 87 150 357 13.95 10.12 17.44 13.84
1982 Wildwood Farm 28 47 0 75 3 .26 5 .47 0 .00 2 .91
1982 Woodman Farm 12 0 6 18 1.40 0 .00 0 .70 0 .70
1982 Woodmont ------- ------- ------- ------- --------- ------- ------- -------
1983 A p p le c r e s t 114 53 120 287 13.26 6 .16 13.95 11.12
1983 Avaloch Farm 4 0 1 5 0 .47 0 .00 0 .12 0 .19
1983 Gould H i l l 57 53 87 197 6 .63 6 .16 10.11 7 .64
1983 Moose H i l l 8 23 0 31 0 .9 3 2 .67 0 .00 1.20
1983 S u n n y c re s t 1 1 0 2 0 .12 0 .12 0.00 0 .08
1983 Woodman Farm 8 3 1 12 0 .93 0.35 0.12 0.47
x Les ion d e n s i t y  based  on a r e a  o f  200 t e r m in a l  s h o o t s ,  each w i th  a mean a re a  
o f  430 cm2. M = McIntosh ,  C = C o r t l a n d ,  D = D e l i c i o u s .
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Table 5. P s e u d o th e c i a l  and a s c a l  d e n s i t y  o f  V e n tu r i a  i n a e q u a l i s  on 
McIntosh,  C o r t l a n d ,  and D e l i c i o u s  l e a v e s . *
Pseu d o th ec ia* * Asci per**
C u l t i  va r p e r  l e s i o n p s eu d o th e c i  urn
McIntosh 16 101
C or t land 21 103
D e l ic ious 13 111
* Leaves were c o l l e c t e d  from t r e e s  a t  Moose H i l l  O rchard ,  Londonderry ,  
NH in  O c tober  1983, s t o r e d  ov e r  w i n t e r  in  Durham, NH, and were then  
in c u b a ted  f o r  30 days a t  10 C, 90% RH b e f o r e  p s e u d o th e c i a l  and a sc a l  
d e n s i t y  were a s s e s s e d .
** D i f f e r e n c e s  w i th in  column a r e  n o t  s i g n i f i c a n t  a t  P = 0 .0 5 .
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Table  6. In c id e n ce  o f  app le  s c a b ,  l e s i o n  f e r t i l i t y ,  and p s e u d o th e c i a l  
d e n s i t y  a t  r e s e a r c h  and commercial o r c h a rd  s i t e s .
Year Orchard
% Leaves 
i n f e c t e d
% Les ions  
f e r t i 1e
Pseu d o th ec ia  pe r  
f e r t i l e  l e s i o n
1981 Avaloch Farm 3.51 6.00 20.00
1981 Apple Acres 1.13 3.00 31.00
1981 Moose H i l l 0.29 3.00 13.00
1981 Mast Road 
( c a p ta n )
0 .20 3.40 42.67
1981 Mast Road 
(Di ka r )
0 .40 3.00 11.33
1981 Mast Road 
( t h i o p h a n a t e -  
m e th y l )
0 .46 3.00 8 .00
1982 Avaloch Farm 
(c a p ta n )
0.22 3.00 24.67
1982 Avaloch Farm 
(CGA-64251)
0 .03 3.00 39.00
1982 Gould H i l l  4 .75  
( s t a n d a r d  t r e e s )
9.00 22.11
1982 Gould H i l l  
( sem i-dw arf )
9.32 18.00 10.00
1982 Moose H i l l 0 .23 3.00 16.33
1982 Pover ty  Lane 20 .16 28.00 9.77
1982 Su n n y c re s t 2 .5 4 5 .00 19.83
1982 Wildwood Farm 0.52 3.30 57.00
1982 Woodman Farm 0.34 2 .80 21.33
1982 Woodmont 47.82 30.00 17.33
1983 A p p le c r e s t 1.81 2 .61 27.33
1983 Avaloch Farm 0.06 2 .14 19.67
1983 Gould H i l l 1.27 2 .85 11.33
1983 Moose H i l l 0 .15 2 .00 18.00
1983 S u n n y c re s t 0.03 2 .53 20.67
1983 Woodman Farm 0.12 1.33 14.00
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Table  7.  Ascal d e n s i t y  o f  p s e u d o th e c i a  from McIntosh t r e e s  a t  r e s e a r c h  
and commercial  o r c h a r d  s i t e s  in  New Hampshire ,  1981-1983.
Year Orchard
Asci p e r  
p seu d o th e c i  urn
1981 Mast Road Research  Orchard 115
1982 Mast Road Research  Orchard 107
1982 Gould H i l l  Orchard 109
1982 Moose H i l l  Orchard 125
1983 Mast Road Research  Orchard 139
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Table  8.  Leaf  l i t t e r  d e n s i t y  a t  commercial and r e s e a r c h  o rc h a rd  s i t e s  
in  New Hampshire ,  1981-1983. -
*
Leaf  l i t t e r  d e n s i t y  %Loss from %Loss from
Year Orchard LF ST B PF LF t o  ST ST t o
81-82 Avaloch 0 .444 0 .286 0.241 0 .233 46 19
82-83 Avaloch 0.382 0.292 0 .270 0 .241 24 17
81-82 Gould H i l l 0 .548 0 .410 0.371 0 .375 25 9
82-83 Gould H i l l 0 .530 0 .275 0 .259 0 .230 48 16
81-82 Moose H i l l 0 .710 0.569 0 .514 0 .492 20 14
82-83 Moose H i l l 0 .613 0 .458 0.402 0 .389 25 15
81-82 Ki ngman 0 .560 0 .353 0.311 0 .301 37 15
82-83 Ki ngman 0.672 0 .363 0 .333 0.275 46 24
LF= Leaf  f a l l ,  ST= S i l v e r  t i p ,  B = Bloom, PF = P e ta l  f a l l .
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Table 9. Comparison of values, standard errors, and ratios of values to standard errors of potential 
ascospore dose and some component variables at commercial and research orchard sites in 1982-1984.
I LLD at Potential T"
Lesion density (m ) silver tip ascospore dose (m )
Value
SY
y Value S- y Value
Sv
y lesions
Orchard Year Value Value Value per hectare
Avaloch 1982 13.80 2.17 0.16 0.29 0.04 0.03 3,142 681 0.22 1,495
Apple Acres 1982 5.58 0.95 0.17 0.40* 0.07 0.18 1,185 306 0.26 564
Moose Hill 1982 1.67 0.38 0.23 0.57 0.06 0.11 510 136 0.26 243
Avaloch
(captan)
1983 2.60 0.45 0.17 0.29 0.05 0.17 412 105 0.25 196
Avaloch
(CGA-64251)
1983 0.08 0.05 0.69 0.29 0.05 0.17 13 9 0.72 6
Gould Hill 
(standard)
1983 42.17 5.01 0.12 0.41 0.02 0.06 37,269 5,632 0.15 17,731
Gouid Hill 
(semi-dwarf)
1983 52.87 7.14 0.14 0.35**0.05, 0.15 44,544 9,506 0.21 21,193
Moose Hill 1983 0.85 0.22 0.25 0.46 0.02 0.05 212 56 0.27 101
Poverty Lane 1983 205.74 17.53 0.09 0.35 0.05 0.15 1,505,027 650,453 0.43 716,045
Sunnycrest 1983 13.84 1.66 0.12 0.36 0.02 0.06 3,442 514 0.15 1,638
Wildwood 1983 2.91 0.84 0.29 0.35**0.05 0.15 533 176 0.33 254
Woodman Farm 1983 0.07 0.21 0.30 0.35**0.05 0.15 132 44 0.34 63
Applecrest 1984 11.51 1.65 0.14 0.35**0.05 0.15 2,247 484 0.22 1,069
Avaloch 1984 0.19 0.11 0.58 0.35**0.05 0.15 38 23 0.60 18
Gould Hill 1984 7.64 1.11 0.15 0.35**0.05 0.15 1,427 309 0.22 679
Moose Hill 1984 1.20 0.39 0.32 0.35**0.05 0.15 229 83 0.36 109
Sunnycrest 1984 0.08 0.05 0.69 0.35**0.05 0.15 15 11 0.71 7
Woodman Farm 1984 0.47 0.16 0.35 0.35**0.05 0.15 89 35 0.39 43
Leaf litter density estimated from mean values for New Hampshire for 
**Leaf litter density estimated from mean values for New Hampshire for 
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F ig .  1. R e l a t i o n s h i p  between l e a v e s  p e r  t e r m in a l  s h o o t  and t o t a l  s h o o t  
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Fig.  2 .  R e la t ionsh ip  between leaves  per terminal shoot and t o t a l  shoot
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LEAVES PER TERMINAL
Fig.  3. R e la t ionsh ip  between leaves  per terminal shoot  and t o t a l  shoot
area o f  D e l i c io u s  t r e e s  in four New Hampshire orchards,  1981-1983.
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Fig. 4 .  Re la t ionsh ip  between l e a v es  per terminal shoot  and t o t a l  shoot
area o f  McIntosh, Cortland, and D e l i c io u s  t r e e s  in four  New Hampshire
orchards,  1981-1983.
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Fig .  5. S t e r i l e  and f e r t i l e  s t r o m a t a ,  and a b o r t e d  a sc o c a rp s  o f  Ventu r i  a 
i n a e q u a l i s . A. S t e r i l e  s t rom a from s p ra y ed  l e a f  5 months a f t e r  l e a f  
f a l 1. B7-  F e r t i l e  s t roma w ith  p s e u d o t h e c i a .  C. Aborted a sc o c a rp s  from
p e r i p h e r y  o f  s t e r i l e  s t ro m a .  D. Aborted  a sc o c a rp s  from p e r i p h e r y  o f  
s t e r i l e  s troma produced from monoascospor ic  i n f e c t i o n  ( rep ro d u ced  from 
K e i t t  and P a l m i t e r  ( 3 3 ) ) .  E. Cross s e c t i o n  o f  a b o r t e d  a sc o c a rp  f rom ,  
p e r i p h e r y  o f  s t e r i l e  s t ro m a .  F. Cross s e c t i o n  o f  a b o r t e d  a sco ca rp  
from p e r ip h e r y  o f  s t e r i l e  s t roma produced from monoascospor ic  i n f e c t i o n  
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Fig. 6. R e la t ionsh ip  between d i s e a s e  in c id en ce  a t  the time o f  l e a f  f a l l




Lesion D ens i ty
The c h a r a c t e r i s t i c s  o f  an ecosys tem  under s tu d y  and t h e  o b j e c t i v e s  
o f  the  i n v e s t i g a t o r  d i c t a t e  t h e  methods in  r e s e a r c h ,  and t h e  methods o f  
r e s e a r c h  a f f e c t  r e s u l t s .  My o b j e c t i v e  was t o  produce a p r a c t i c a l ,  
f u n c t i o n a l  model t o  p r e d i c t  p o t e n t i a l  a s c o s p o re  dose o f  Ventu r i  a 
i n a e q u a l i s  in  commercial  o r c h a r d s .  Throughout t h i s  s t u d y ,  u t i l i t y  has 
been emphas ized o v e r  p r e c i s i o n  in  p r e d i c t i n g  va lues  o f  comoonent 
v a r i a b l e s  o f  PAD when p r e c i s e  p r e d i c t i o n  o f  a component v a r i a b l e  d id  
no t  r e s u l t  in  a commensura te ly  p r e c i s e  p r e d i c t i o n  o f  PAD. For example,  
a g enera l  model o f  t e r m i n a l  s h o o t  a r e a  and l e a v e s  p e r  s h o o t  (F ig .  4) 
was used in  a s se s sm e n t s  o f  l e s i o n  d e n s i t y  r a t h e r  than  t h e  c u l t i v a r -  
s p e c i f i c  models shown in  f i g u r e s  1 -3 .  S t r a t i f i c a t i o n  o f  t h e  sampl ing  
was u n n ecessa ry  because  t h e r e  were on ly  minor d i f f e r e n c e s  in  l e a v e s  p e r  
s h o o t  and s h o o t  a r e a  between i n d i v i d u a l  c u l t i v a r s  and a g e n e ra l  model
f o r  a l l  t h r e e  c u l t i v a r s .  No d i f f e r e n c e s  in s u s c e p t i b i l i t y  t o  ap p le  scab  
were d e t e c t e d  among th e  t h r e e  c u l t i v a r s  s t u d i e d .  However, t h i s  was p rob ­
ab ly  due t o  th e  e r r o r  a s s o c i a t e d  w i th  measur ing  low l e v e l s  o f  i n f e c t i o n ,  
and a l s o  because  d i f f e r e n c e s  in  s u s c e p t i b i l i t y  cou ld  be m a n i f e s t e d  as 
d i f f e r e n c e s  in s p o r u l a t i o n ,  l a t e n t  p e r i o d s ,  and i n f e c t i o u s  p e r io d s  sensu  
Van d e r  Plank (46) and n o t  as  d e t e c t a b l e  d i f f e r e n c e s  in d i s e a s e  i n c id e n c e  
o r  s e v e r i t y  a t  low l e v e l s  o f  i n f e c t i o n .  Lesion d e n s i t y  in commercial  o r ­
chards  was a s s e s s e d  in  autumn by c o u n t in g  th e  l e s i o n s  on scabbed  le av e s
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o f  600 t e r m in a l  s h o o t s ;  20 s h o o t s  from each o f  30 t r e e s .  In mixed 
p l a n t i n g s ,  t h e  t r e e s  co u ld  have been s e l e c t e d  a t  random th r o u g h o u t  t h e  
b lock  w i t h o u t  r e g a r d  t o  c u l t i v a r ,  t h u s  s i m p l i f y i n g  t h e  a s se s sm e n t .  The 
t o t a l  t ime  r e q u i r e d  t o  pe r fo rm  such an a s s e s s m e n t  was app rox im a te ly  90 
minutes  p e r  o r c h a r d .  Examination o f  600 s h o o t s ,  each w i th  ap p ro x im a te ly
16.5 le a v e s  y i e l d e d  a sample  s i z e  o f  9 ,900 l e a v e s ,  w i th  a combined a r e a
2 2 o f  2 5 .8  m . The s t a n d a r d  e r r o r  o f  t h e  t o t a l  a r e a  examined was 0 .38  m ,
o r  a p p ro x im a te ly  1 %  o f  t h e  e s t i m a t e d  v a lu e .  The l a r g e  p r o p o r t i o n a l
e r r o r s  ( S - / y )  in  e s t i m a t i n g  l e s i o n  d e n s i t y  were n o t  due t o  e r r o r s  in
a r e a  e s t i m a t i o n ,  bu t  were due to  t h e  l a r g e  p r o p o r t i o n a l  e r r o r  a s s o c i a t e d
w i th  measur ing  d i s e a s e  i n c i d e n c e  and s e v e r i t y  a t  t h e  low l e v e l s  common
in commercial o r c h a rd s  (Tab le  9 ) .
P se u d o th e c ia l  D ens i ty
There  i s  no reason  t o  assume a p r i o r i  t h a t  d i f f e r e n c e s  in  su sc e p ­
t i b i l i t y  t o  i n f e c t i o n  by th e  p a r a s i t i c  phase  o f  Ventu r i  a i n a e q u a l i s  w i l l  
be c o r r e l a t e d  w i th  s u i t a b i l i t y  o f  dead l e a v e s  as a s u b s t r a t e  f o r  s a p r o ­
p h y t i c  growth . The number o f  p s e u d o th e c i a  formed p e r  l e s i o n  on McIntosh ,  
C o r t l a n d ,  o r  D e l i c io u s  l e a v e s  d id  n o t  d i f f e r  s i g n i f i c a n t l y  (Table  5 ) ,  t h u s  
c on f i rm ing  th e  f i n d i n g s  o f  J e g e r  e t  a l  (30) who i n v e s t i g a t e d  p s eu d o th e c i a l  
d e n s i t y  o f  l e s i o n s  on McIntosh and C o r t l a n d  l e a v e s  in England.
Many l e s i o n s  on l e av e s  from s p ra y ed  t r e e s  f a i l e d  to  produce mature  
p s e u d o th e c ia .  The i n f e r t i l e  l e s i o n s  were always sur rounded  by numerous 
a b o r t e d  a sc o c a rp s  o f  Venturi  a i n a e q u a l i s , s i m i l a r  t o  t h o s e  observed  by 
K e i t t  and P a l m i t e r  (34) in p a i r i n g s  o f  in c o m p a t ib l e  mating ty p e s .  The 
s i m i l a r i t y  in morphology o f  th e  a sc o c a rp s  found in  th e  p r e s e n t  s tudy  
and th o se  observed  by K e i t t  and P a l m i t e r ,  and t h e  f a c t  t h a t  l e s i o n
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f e r t i l i t y  was s t r o n g l y  c o r r e l a t e d  w i th  d i s e a s e  i n c i d e n c e  (F ig .  6) imply 
t h a t  p s e u d o t h e c i a l  a b o r t i o n  in  l e a v e s  from commercial o r c h a r d s  was due 
to  th e  h e t e r o t h a l l i c  n a t u r e  o f  t h e  fu n g u s ,  i . e . ,  as t h e  f r eq u en cy  o f  
i n f e c t i o n  d e c r e a s e s ,  so does t h e  p r o b a b i l i t y  o f  p a i r i n g  o f  co m p a t ib le  
mating t y p e s .  This a ssumption  becomes a l l  t h e  more p l a u s i b l e  when one 
c o n s id e r s  t h a t  most i n f e c t e d  le a v e s  bore  on ly  one l e s i o n  (Tab le  3) and 
t h a t  t h e s e  s i n g l e  l e s i o n s  may have a r i s e n  from s i n g l e - s p o r e  i n f e c t i o n s .  
However, even as  t h e  i n c i d e n c e  o f  i n f e c t i o n  approached z e r o ,  approx­
im a te ly  3 p e r c e n t  o f  t h e  l e s i o n s  s t i l l  formed p se u d o th e c ia  (F ig .  6 ) .
By some unknown mechanism, Ventu r i  a i n a e q u a l i s  reo roduced  s e x u a l l y  when 
th e  p r o b a b i l i t y  o f  p a i r i n g  o f  c o m p a t ib le  mating  types  was remote .  Some 
p o s s i b l e  means by which t h i s  phenomenon cou ld  occur  a r e  as f o l l o w s .
1. A so m a t ic  m u ta t io n  in  t h e  s u b c u t i c u l a r  stroma may r e s u l t  in a 
l o s s  o f  s e l f - i n c o m p a t i b i l i t y .
2.  Ascospores  may o c c a s i o n a l l y  be d i s c h a r g e d  as d i a d s ,  t r i a d s ,  
t e t r a d s ,  e t c . ;  th u s  r e s u l t i n g  in  a s i n g l e  l e s i o n  t h a t  i s  
s e l f - f e r t i l e .
When l e s i o n s  from McIntosh l e a v e s  c o l l e c t e d  in  commercial  o r c h a rd s  
d id -p r o d u ce  mature  p s e u d o t h e c i a ,  they  formed an average  o f  21 .6  pseudo­
t h e c i a  p e r  f e r t i l e - l e s i o n  with  a s t a n d a r d  e r r o r  o f  2 .6 1 .  J e g e r  e t  al  
(30) in England found t h a t  l e s i o n s  on McIntosh le a v e s  produced an average  
o f  32 and 20 p s e u d o th e c i a  p e r  l e s i o n  in  1979 and 1980, r e s p e c t i v e l y ;  
l e s i o n s  on D e l i c io u s  l e a v e s  produced an av e rag e  o f  27 and 23 pseudo­
t h e c i a  d u r ing  th e  same p e r i o d .  Thus,  t h e  use o f  21 .6  as an e s t i m a t e  
o f  th e  number o f  p s e u d o th e c i a  formed p e r  f e r t i l e  l e s i o n  approx im ated  
va lues  r e p o r t e d  by o t h e r  r e s e a r c h e r s  f o r  McIntosh and D e l i c io u s  l e a v e s ,  
and va lues  f o r  McIntosh,  C o r t l a n d ,  and D e l i c io u s  in Tab le  5.
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Ascal  D en s i ty
The env i ro n m en ta l  f a c t o r  t h a t  e x e r t s  t h e  g r e a t e s t  i n f l u e n c e  on 
a s c a l  d e n s i t y  i s  t h e  t e m p e r a t u r e  d u r in g  t h e  p e r i o d  o f  a scus  fo rm at ion  
(2 0 ) .  C u l t i v a r  had no s i g n i f i c a n t  e f f e c t  on a s c a l  d e n s i t y  in pseudo­
t h e c i a  from McIntosh ,  C o r t l a n d ,  and D e l i c i o u s  l e a v e s .  When i n f e c t e d
le a v e s  from a l l  t h r e e  c u l t i v a r s  were i n c u b a t e d  a t  th e  same t e m o e r a t u r e ,  
t h e y  produced  a p p ro x im a te ly  t h e  same number o f  a s c i  p e r  pseudotheciurn  
(Tab le  5 ) .  Ascal d e n s i t y  in  t h e  o rc h a r d  s t u d i e s  from 1979-1983 averaged  
122 w i th  a s t a n d a r d  e r r o r  o f  7 .9 .  The 90% c o n f id e n c e  i n t e r v a l  o f  a sc a l  
d e n s i t y  was t h e r e f o r e  equal  t o  107-137. During t h e  p e r io d  o f  ascus  
f o r m a t i o n ,  o r c h a r d  t e m p e r a t u r e s  in  Durham, NH a v e raq ed  4 C f o r  t h e  
y e a r s  1939-1981, w i th  a s t a n d a r d  e r r o r  o f  0 .3  C. Thus a 90% con­
f i d e n c e  i n t e r v a l  f o r  t e m p e r a t u r e  dur ing t h e  p e r i o d  o f  a s c u s  fo rm at ion  
would be 3 . 5 - 4 . 5  C. Gadoury and MacHardy (17) r e p o r t e d  a change o f  
a p p ro x im a te ly  6 a s c i  p e r  C e l s iu s  d e g re e  o f  i n c u b a t i o n  t e m p e r a t u r e  du r in g  
a scus  fo r m a t i o n .  T h e r e f o r e ,  based on t h e  t y p i c a l  v a r i a t i o n  o f  o rc h a rd  
t e m p e r a t u r e s  d u r in g  a scus  fo rm a t io n  and t h e  e f f e c t s  o f  t h i s  t e m p e r a t u r e  
v a r i a t i o n  on a s c a l  d e n s i t y ,  t h e  c o n f id e n c e  i n t e r v a l  o f  107-137 f o r  a s c a l  
d e n s i t y  was q u i t e  c o n s e r v a t i v e ,  i . e . .  t h e  e x p e c t e d  v a r i a t i o n  o f  a s c a l  
d e n s i t y  based on ' t em p era tu re  a lo n e  would be a p p ro x im a te ly  122 ± 3,  P = 
0. 10.
Leaf L i t t e r  D ens i ty
The p o i n t - i n t e r c e p t  t e c h n i q u e  used t o  a s s e s s  l e a f  l i t t e r  d e n s i t y  
a l low ed  t h e  p r e c i s e  measurement o f  t h i s  v a r i a b l e  in l e s s  than 20 minutes  
p e r  o rc h a r d .  Because o f  t h e  e a s e  in measurement  o f  t h i s  v a r i a b l e  and 
because  LLD d e c r e a se d  by an av e rag e  o f  o n ly  16% d u r in g  th e  p r im ary
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i n f e c t i o n  sea so n  (Tab le  8 ) ,  no a t t e m p t  was made t o  model LLD based on 
o r c h a r d  c h a r a c t e r i s e s  o r  env i ronm en ta l  f a c t o r s .  For  t h e  purpose  o f  
p r e d i c t i n g  PAD, l e a f  l i t t e r  d e n s i t y  was measured  o n ly  once ,  i . e . ,  
s h o r t l y  b e f o r e  t h e  s i l v e r  t i p  s t a g e .
I m p l i c a t i o n s  and A p p l i c a t i o n s  o f  th e  Model
PAD and Spore  Trapp ing
D isease  i n c i d e n c e  a t  t h e  t ime o f  l e a f  f a l l  i s  d i r e c t l y  p r o p o r t i o n a l
to  PAD, b u t  n o t  l i n e a r l y  so .  As t h e  f r eq u e n cy  o f  i n f e c t i o n  i n c r e a s e s ,
so does t h e  p r o p o r t i o n  o f  t h e  l e s i o n s  t h a t  form p s e u d o t h e c i a .  PAD i s
2
e x p r e s s e d  in  a s c o s p o r e s  p e r  m o f  o r c h a r d  f l o o r  p e r  s ea s o n .  However, 
t h e  a s c o s p o r e s  w i l l  a c t u a l l y  be c o n c e n t r a t e d  in  f o c i  c o i n c i d e n t  w i th  
t h e  l o c a t i o n  o f  f e r t i l e  s cab  l e s i o n s .  The number o f  f o c i  pe r  h e c t a r e  
can be q u i t e  smal l  a t  low l e v e l s  o f  i n f e c t i o n  (T ab le  9 ) .  The fo c a l  
n a t u r e  o f  t h i s  d i s t r i b u t i o n  has i m p o r t a n t  i m p l i c a t i o n s  in  s p o re  d i s -  
charqe  and d i s p e r s a l  s t u d i e s  conducted  in  commercial  o r c h a r d s ,  f o r  n o t  
on ly  must  t r a p s  be e x t r e m e ly  e f f i c i e n t  to  d e t e c t  a s c o s p o r e s  o f  Venturi  a 
i n a e q u a l i s  a t  low d o s e s ,  bu t  t h e  number o f  t r a p s  must be s u f f i c i e n t  to  
i n s u r e  a d e q u a te  sampl ing  in  a fo c a l  d i s t r i b u t i o n .  A s i n q l e  t r a p  i s  
u n l i k e l y  t o  p r o v id e  an ad eq u a te  measurement o f  a i r b o r n e  a sc n s p o r e  dose 
when PAD i s  low r e g a r d l e s s  o f  t h e  e f f i c i e n c y  o f  t h e  t r a p .
PAD and Ascospore  M a tu r i t y
P r e d i c t i o n s  o f  PAD can be f u r t h e r  r e f i n e d  when i n f o r m a t io n  on 
a s c o s o o r e  m a t u r i t y  and d i s c h a r g e  i s  a v a i l a b l e .  In t h e  p r e s e n t  s t u d y ,  
PAD i s  e x p r e s s e d  as  t h e  t o t a l  s ea s o n a l  a s c o s o o r e  dose .  However, n o t
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a l l  o f  t h e  a s c o s p o re s  m a tu re  and a r e  d i s c h a r q e d  a t  once.  For example,  
squash  mount a s s e s s m e n t s  (16) o r  degree  day models o f  a s c o s p o re  m a t u r i t y  
(1 8 ,35 )  cou ld  be used t o  e s t i m a t e  o r  f o r e c a s t  a s c o s p o r e  m a t u r i t y .  PAD 
co u ld  then be a d j u s t e d  f o r  t h e  p r o p o r t i o n  o f  t h e  s e a s o n ' s  a sc o sp o re s  
a v a i l a b l e  f o r  d i s c h a r g e  d u r in g  any i n t e r v a l  d u r in g  t h e  p r im ary  i n f e c t i o n  
s ea so n .
PAD and t h e  Epidemiology o f  Apple Scab
The e f f e c t s  o f  PAD upon d i s e a s e  development a r e  no b e t t e r  under­
s to o d  a t . t h e  p r e s e n t  t im e  than  they  were a t  t h e  s t a r t  o f  t h i s  i n v e s t ­
i g a t i o n ,  b u t  a model t o  p r e d i c t  PAD w i l l  now a l lo w  t h e s e  e f f e c t s  t o  be 
i n v e s t i g a t e d  in  a q u a n t i t a t i v e  f a s h i o n .  One a p p l i c a t i o n  o f  p r e d i c t i o n s  
o f  PAD i s  t h e  e s t i m a t i o n  o f  t ime d i f f e r e n c e s  in t h e  o n s e t  o f  a p p le  scab 
epidem ics  based on d i f f e r e n c e s  in PAD:
( e q u a t io n  2) At  = £  Log , . - hl a h-e r .
r  e lower
To use t h e  above a n a l y s i s  in  a d i s e a s e  management program r e q u i r e s  t h e  
a c c e p ta n c e  o f  a few b a s i c  a s su m p t io n s .  T r a d i t i o n a l l y ,  a p p le  scab has 
been c o n t r o l l e d  by - r e g u la r  f u n g i c i d e  a p p l i c a t i o n s  t h a t  begin  a t  t h e  
green t i p  s t a g e .  Such a c o n t r o l  program i s  ve ry  e f f e c t i v e  in p r o t e c t i n g  
f r u i t . f r o m  i n f e c t i o n  because  i t  i s  a c o n s e r v a t i v e  s c h e d u le .  The s ched ­
u le  f o r  t im in g  th e  f u n g i c i d e  sp ra y s  was deve loped  d u r in g  t h e  l a t e  1920s 
(32) and has been changed very  l i t t l e  s i n c e  t h a t  t ime  ( 6 , 3 7 ) .  The 
f u n g i c i d e s  used  to day  a r e  more e f f e c t i v e  than  t h o s e  o f  30-40 y e a r s  ago , 
as  can be seen by th e  low in c id e n c e  o f  l e a f  i n f e c t i o n  a t  s e v e r a l  New
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Hampshire o r c h a r d s  from 1981-1983 (Tab le  3 ) .  Today 's  f u n g i c i d e s  can 
keep l e a f  i n f e c t i o n  below 1% in  r e s e a r c h  o r c h a r d s  c o n t a i n i n g  l a r g e  
amounts o f  o v e r w i n t e r i n g  inoculum (W.E. MacHardy, u n p u b l i sh e d  d a t a ) .
For t h e  f i r s t  assumDtion t h e n ,  a c c e p t  t h a t  a t r a d i t i o n a l  s p r a y  schedu le  
(6) b e q in n in q  a t  green t i p  w i l l  c o n t r o l  a p p le  s cab  in an o rc h a rd  t h a t  
had a p p ro x im a te ly  10% l e a f  i n f e c t i o n  a t  t h e  t ime  o f  l e a f  f a l l .  Assume 
a l s o  t h a t  t h e  i n f e c t e d  le a v e s  bore  an a v e r a g e  o f  1 .30  l e s i o n s  each and 
t h a t  l e a f  l i t t e r  d e n s i t y  was equal t o  0 .35  a t  t h e  s i l v e r  t i p  s t a g e .
The p o t e n t i a l  a s c o s p o r e  dose  in  t h i s  o r c h a r d  would be 98 ,388  a sc o sp o re s  
2
p e r  m p e r  s e a s o n .  This  v a lu e  co u ld  be used as  PAD^- ^e r  in  e q u a t io n  2,  
and would a l lo w  t h e  e s t i m a t i o n  o f  At in  o r c h a r d s  w i th  l e s s  than 10% l e a f  
i n f e c t i o n .  I f  r  were equa l  t o  0 . 4 0 ,  t h e  v a lu e  o f  At f o r  Moose H i l l  
Orchard  in  t h e  s o r i n g  o f  1982 cou ld  be c a l c u l a t e d  a s :
-  1 . ^  98 ,388
At " 0 .40  Loge 510
= 13 days .
Thus,  t h e  o n s e t  o f  a c a l e n d a r  sp ray  s ch e d u le  cou ld  have been d e lay ed  by 
13 days from t h e  normal s t a r t i n g  t im e ,  i . e . ,  g reen  t i p ,  r e s u l t i n g  in a 
s av in g s  o f  1-2 f u n g i c i d e  a p o l i c a t i o n s .  Values o f  At f o r  o t h e r  commercial 
o r c h a r d s  a r e  p r e s e n t e d  in  Table  10. Although f u r t h e r  t e s t i n g  o f  t h i s  
s t r a t e g y  in l a r g e  commercial o r c h a rd s  i s  needed ,  p r e l i m i n a r y  s t u d i e s  
conducted  a t  t h e  Woodman H o r t i c u l t u r a l  Farm in Durham, New Hampshire 
have been s u c e s s f u l  (19 ) .  When coup led  w i th  t h e  use  o f  p o s t - h a r v e s t  
e r a d i c a n t  sp ray s  t h a t  f u r t h e r  reduce  PAD, s i g n i f i c a n t  r e d u c t i o n s  o f  
f u n g i c i d e  use  in commercial  o r c h a r d s  may be p o s s i b l e .
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Table  10. Delay o f  app le  scab  ep idem ics  in  New Hampshire commercial 
app le  o rc h a rd s  in 1982-1984.
Orchard Year PAD
At (days) 
r  = 0 .40  r  = 0 .60
Avaloch 1982 3,142 9 6
Apple Acres 1982 1,185 11 7
Moose H i l l 1982 510 13 9
Avaloch
(c a p tan )
1983 412 14 9
Avaloch 
(CGA-64251)
1983 13 22 15
Gould H i l l  
( s t a n d a r d )
1983 37,269 2 2
Moose H i l l 1983 212 15 10
Sunnyc re s t 1983 3,442 8 6
Wi1dwood 1983 533 13 9
Woodman Farm 1983 132 17 11
A o p le c r e s t 1984 2,247 9 6
Avaloch 1984 38 20 13
Gould H i l l 1984 1,427 11 7
Moose H i l l 1984 229 15 10
S u n n y c re s t 1984 15 22 15
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APPENDIX I
A L i s t i n g  o f  t h e  Computer Program t o  P r e d i c t  PAD
On t h e  fo l l o w i n g  pages  i s  a l i s t i n g  o f  t h e  Computer program AIPP; 
an i n t e r a c t i v e  FORTRAN program t h a t  i n c o r p o r a t e s  t h e  model t o  p r e d i c t  
PAD d e s c r i b e d  in  t h i s  d i s s e r t a t i o n .  The computer language used was 
DEC S ta n d a rd  FORTRAN ( D i g i t a l  Equipment .C o rp o ra t io n ,  Cambridge,  Mass.)  
as m o d i f ied  f o r  t h e  U n i v e r s i t y  o f  New Hampshire DEC-1090 computer system. 
Copies o f  t h e  program a r e  s t o r e d  on r e s e a r c h  d i s k  a r e a  a s s ig n e d  t o  
Dr. W il l iam  E. MacHardy, Dept.  Botany and P l a n t  P a th o lo g y ,  UNH,
Durham (PPN:12063,30451) and on two m agne t ic  t a p e s  a s s ig n e d  t o  t h e  same 




C DAVID M. GADOURY
C DEPARTMENT OF BOTANY AND PLANT PATHOLOGY
C UNIVERSITY OF NEW HAMPSHIRE
C DURHAM» NEW HAMPSHIRE 03824
C
C AIPP IS AN ACRONYM FOR ABSOLUTE INOCULUM POTENTIAL PREDICTOR.
C THIS IS AN INTERACTIVE FORTRAN PROGRAM WHICH HAS THE ABILITY
C TO GENERATE ESTIMATES OF POTENTIAL ASCOSPORE DOSE OF VENTURIA
C INAEQUALIS IN COMMERCIAL APPLE ORCHARDS FROM VARIOUS MEASUREMENTS
C OF FACTORS THAT DETERMINE ASCOSPORE DOSE.
C
C DEFINE THE VARIABLES:
C LESION( I ) = THE ARRAY OF LESION COUNTS FROM 20 TERMINAL SHOOTS
C OF 10 TREES.
C
C SUMLES = SUMMATION OF LESIQN(I).
C
C AVGLES = AVERAGE NUMBER OF LESIONS PER 20 TERMINAL SHOOTS.
C
C DEVLES(I) = DEVIATION OF LESIQN(I) FROM AVGLES.
C
C SUMDEV = USED IN MOST LOOPS AS A SUMMATION OF SQUARED
C DEVIATIONS FROM MEANS.
C
C SDLES = STANDARD DEVIATION OF AVGLES.
SELES = STANDARD ERROR OF AVGLES.
SESLES = STANDARD ERROR OF SUMLES.
AREA = MEAN AREA OF GOO TERMINAL SHOOTS IN SQUARE 
METERS.
SDAREA = STANDARD DEVIATION OF AREA.
SEAREA = STANDARD ERROR OF AREA.
LEDEN = LESIONS PER SQUARE METER OF LEAF TISSUE. 
SELDEN = STANDARD ERROR OF LEDEN.
PPFL = PSEUDOTHECIA PER FERTILE LESION.
PLF = PERCENT LESION FERTILITY 
VPLF = VARIANCE OF PLF 
SDPLF = STANDARD DEVIATION OF PLF 
SEPLF = STANDARD ERROR OF PLF
AVGPD = AVERAGE NUMBER OF PSEUDOTHECIA PER LESION. 
SEPPFL = STANDARD ERROR OF PPFL 
SEPD = STANDARD ERROR OF AVGPD
LLD(I) = ARRAY OF LEAF LITTER DENSITY MEASUREMENTS. 
SUMLLD = SUMMATION OF LLD(I).
AVGLLD = AVERAGE LEAF LITTER DENSITY OF ORCHARD FLOOR. 
DEVLLD( I ) = DEVIATION OF LLD(I) FROM AVGLLD.
SDLLD = STANDARD DEVIATION OF AVGLLD.
SELLD = STANDARD ERROR OF AVGLLD.
AD = ASCAL DENSITY (ASCI PER PSEUDOTHECIUM).
SEAD = STANDARD ERROR OF AD.
PAD = POTENTIAL ASCOSPORE DOSE: THE NUMBER OF SPORES THAT
WILL BE PRODUCED PER SEASON PER SQUARE METER OF ORCHARD 
FLOOR.
VPAD = VARIANCE OF PAD.
SEPAD = STANDARD ERROR OF PAD
RATIO0-RATI09 = RATIO OF MEAN TO STANDARD ERROR.
FLHA = FERTILE LESIONS PER HECTARE
SEFLHA = STANDARD ERROR OF FERTILE LESIONS PER HECTARE
DECLARE THE VARIABLES
REAL LESION, SUMLES, AVGLES, DEVLES,SUMDEV, SDLES, SELES, SESLES 
REAL AREA, SDAREA, SEAREA, LEDEN, SELDEN, AVGPD, NUMIL 
REAL SEPD. LLD * SUMLLD, AVGLLD, DEVLLD, SDLLD, SELLD, AD, PERLI 
REAL SEAD, PAD, VPAD, SEPADr RATI01rRATI02, RATIOS, RATI04 
REAL RATI0 5 , RATIOS, RATI0 7 , RATI0 8 , PLF, PPFL, SEPPFL
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REAL VPLF, SDPLF»SEPLF, FLHA , SEFLHA, RAT100
C
C
C DIMENSION THE ARRAYS
C









4 FORMAT('O', 'AIPP (ABSOLUTE INOCULUM POTENTIAL PREDICTOR)' ,
1 / ,  ' ' ,  'DAVID M. GADOURY',
1 / , '  ' , 'DEPARTMENT OF BOTANY AND PLANT PATHOLOGY',
1 / , '  ' , 'UNIVERSITY OF NEW HAMPSHIRE',








5 FORMAT('O','WOULD YOU LIKE AN INTRODUCTION TO THE PROGRAM?') 
READ(5,6)ANSR
G FORMAT(Al)
IF(ANSR.NE. ' Y' ) GO TO 10 
WRITE(5,7)
7 FORMAT('O', 'AIPP IS AN ACRONYM FDR ABSOLUTE INOCULUM POTENTIAL 
1 PREDICTOR.' , / , '  ' ,
1 'THE PROGRAM HAS THE ABILITY TO PREDICT THE TOTAL SEASONAL', 
1/ , '  ' ,
1 'PRODUCTION OF ASCOSPORES OF VENTURIA INAEQUALIS PER SQUARE',
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1/ , '  ',
1 'METER OF ORCHARD FLOOR. YOU WILL BE ASKED TO PROVIDES/, '  ' ,
1 'INFORMATION ON THE NUMBER OF SCAB LESIONS FOUND ON B O O ' , / , '  ' ,
1 'TERMINAL SHOOTS, THE NUMBER OF INFECTED LEAVES ON BOO SHOOTS', 
1/ ,  ' ' ,
1 'AND THE PROPORTION OF THE ORCHARD FLOOR COVERED BY L E A F ' , / , '  ' ,  
1 'LITTER AT FOUR LOCATIONS IN THE ORCHARD (LEAF L I T T E R ' , / , '  ' ,
1 'DENSITY). FROM THESE DATA, AIPP WILL PERFORM T H E ' , / , '  ' ,
1 'NECESSARY CALCULATIONS TO GENERATE AN ESTIMATE A N D ' , / , '  ' ,
1 'STANDARD ERROR OF POTENTIAL ASCOSPORE DOSE AND ALL OF' , / ,  ' ' ,













DO 30 1=1,4 
LLD( I )=0 




C COMPUTATION OF LESIDN NUMBER
C AND STANDARD ERROR
C
WRITE(5,100)
100 FORMAT( '  ' , 'ENTER NUMBER OF LESIONS COUNTED ON 20 TERMINALS',/, 
1 '  ' , '  OF 30 TREES. ENTER DATA FOR EACH TREE SEPARATELY.',/,
1 '  ' , '  PRESS RETURN AFTER EACH ENTRY.')
58
SUMLES=0







DEVLES( I ) =LESION( I ) -AVGLES 










C COMPUTATION OF LEAF AREA










C COMPUTATION OF LESION DENSITY










C COMPUTATION OF PERCENT LEAF INFECTION, PSEUDOTHECIAL




400 FORMAT( '  ' ,  'ENTER NUMBER OF INFECTED LEAVES ON BOO TERMINALS') 
READ(5,*)NUMIL 
PERLI=(NUMIL/9900)#100 





C THE STANDARD ERROR OF LESION FERTILITY IS COMPUTED
C USING THE ALGERBRAIC SOLUTION OF NETER AND WASSERMAN,
C APPLIED LINEAR STATISTICAL MODELS, PAGE 245.
C X-PRIME X INVERSE AND MSE ARE FROM MINITAB NOBRIEF
C REGRESSION.
C















C COMPUTATION OF LEAF LITTER DENSITY





BOO FORMAT( '  ' , 'ENTER LEAF LITTER DENSITY ALONG'FOUR TRANSECTS.' 
i t / ,  '
PRESS RETURN AFTER EACH ENTRY.')
SUMLLD=0
DO 900 1=1,4






DEVLLD( I ) =LLD( I ) -AVGLLD 









C COMPUTATION OF ASCAL DENSITY











C COMPUTATION OF POTENTIAL ASCOSPORE DOSE












C COMPUTATION OF FERTILE LESIONS PER HECTARE


















1200 FORMAT(' ',4(/),' ',76('-'))
WRITEC5,1300)
1300 FORMATS ' ,45X,'STANDARD' ,5X,'RATIO OF PARAMETER')
WRITE(5,1400)
1400 FORMAT(' ',7X,'PARAMETER',16X,'VALUE',10X,'ERROR',GX,
1 'TO STANDARD ERROR')
WRITE(5,1500)
1500 FORMAT( ' ',23('-'),5X,12( '-'),5X,S('-'),4X,IB('-'))
WRITE(5,1B00)SUMLES 
1B00 FORMAT(' ','LESIONS/BOO SHOOTS',1IX,F7.2,1IX,4('-'),
117X,2('-'))
WRITE(5 r 1610)AREA, SEAREA 7 RATI02 
1610 FORMAT( '  ' , 'AREA EXAMINED',1BX,F5.2 , 8 X ,F 7 .2 7 l5 X ,F 4 .2)
WRITE(5 r1B20)LEDEN,SELDEN,RATI03 
1B20 FORMAT(' ','LESIONS/SQUARE METER'7IOX7 F6 .2,8X,F7.2 7 
115XiF4.2)
WRITE(57 1B50)PERLI 
1650 FORMAT(' '7 'PERCENT LEAVES INFECTED'7 7 X 7 F6 .2,11X 7 ^('-'),
117X72<'-'))
WRITE(5r1BB0)PLFxSEPLF,RATIOB 
16B0 FORMAT( ' ' , 'PERCENT LESION FERTILITY',BX,F6.279XfFB.2 , 15X7F4.2) 
WRITE( 5 71850)PPFL 7 SEPPFL7 RATIOS 
1850 FORMAT( '  ' , ' PSEUDOTHECIA/FERTILE LESION' 73 X ,F 6 .2 ,8 X7F 7 . 2,  
115X,F4.2)
WRITE( 5 ,1300)AVGPD7 SEPD7 RATI04 
1800 FORMAT( '  ' , 'PSEUDOTHECIAL DENSITY'7SX7FB.2 7 8 X7F7 . 2 7 15X7F4.2)
WRITE(5 7 2000)AVGLLD 7 SELLD 7 RATI05 
2000 FORMAT(' '7 'LEAF LITTER DENSITY',11X,F6.2,8X,F7.2715X,F4.2)
WRITE(5,2100)AD 7 SEAD 7 RATIOS 
2100 FORMAT(' ','ASCI/PSEUDOTHECIUM'7 12X,FG.278X7F7.2,15XrF4.2)
WRITE(5 7 2150)FLHA,SEFLHA,RATI00 
2150 FORMAT(' ','FERTILE LESIONS/HECTARE'73X,F10.275XrF10.2,15X,F4.2) 
WRITE(5,2200)PAD,SEPAD,RATI07 





2400 FORMAT('O'?'MORE ESTIMATES? (ANSWER YES OR NO)') 
READ(5 f 2500)ANSR 
2500 FORMAT(Al)




A Sample Run o f  t h e  Computer Program t o  P r e d i c t  PAD
The fo l l o w i n g  pages  l i s t  a sample o f  t h e  i n p u t  and o u t p u t  o f  th e  
i n t e r a c t i v e  program t o  p r e d i c t  PAD l i s t e d  in  Appendix I .  I n p u t  d a ta  
f o r  the  sample run were t h o s e  c o l l e c t e d  a t  Avaloch farm in t h e  f a l l  
o f  1981 and t h e  s p r i n g  o f  1982.
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EXECUTE AIPPgFQR
l i n k : loading
ILNKXCT AIPP EXECUTION!
AIPP (ABSOLUTE INOCULUM POTENTIAL PREDICTOR) 
DAVID M. GADOURY
DEPARTMENT OF BOTANY AND PLANT PATHOLOGY 
UNIVERSITY OF NEW HAMPSHIRE 
DURHAM, NEW HAMPSHIRE 03B24
WOULD YOU LIKE AN INTRODUCTION TO THE PROGRAM?
YES
AIPP IS AN ACRONYM FOR ABSOLUTE INOCULUM POTENTIAL PREDICTOR. 
THE PROGRAM HAS THE ABILITY TO PREDICT THE TOTAL SEASONAL 
PRODUCTION OF ASCOSPORES OF VENTURIA INAEGUALIS PER SQUARE 
METER OF ORCHARD FLOOR. YOU WILL BE ASKED TO PROVIDE 
INFORMATION ON THE NUMBER OF SCAB LESIONS FOUND ON BOO 
TERMINAL SHOOTS, THE NUMBER OF INFECTED LEAVES ON GOO SHOOTS 
AND THE PROPORTION OF THE ORCHARD FLOOR COVERED BY LEAF 
LITTER AT FOUR LOCATIONS IN THE ORCHARD (LEAF LITTER 
DENSITY). FROM THESE DATA, AIPP WILL PERFORM THE 
NECESSARY CALCULATIONS TO GENERATE AN ESTIMATE AND 
STANDARD ERROR OF POTENTIAL ASCOSPORE DOSE AND ALL OF 
THE COMPONENT VARIABLES WHICH DETERMINE ASCOSPORE DOSE.
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ENTER NUMBER OF LESIONS COUNTED ON 20 TERMINALS 
OF 30 TREES. ENTER DATA FOR EACH TREE SEPARATELY. 
































ENTER NUMBER OF INFECTED LEAVES ON BOO TERMINALS 
29B
ENTER LEAF LITTER DENSITY ALONG FOUR TRANSECTS. 









PERCENT LEAVES INFECTED 2.99
PERCENT LESION FERTILITY 3.78
PSEUDOTHECIA/FERTILE LESION 21.60
PSEUDOTHECIAL DENSITY 0.82
LEAF LITTER DENSITY 0.29
ASCI/PSEUDOTHECIUM 122.00
FERTILE LESIONS/HECTARE 1494.67
POTENTIAL ASCOSPORE DOSE 3141.60
STANDARD RATIO OF PARAMETER
ERROR TO STANDARD ERROR
0.3B .01
2 .1 7  .IB
0 .22  .06
2 . 61  . 12
0.01 .01
0 .04  .13
7 .90  .06
323.92 .22
660.84 .22
MORE ESTIMATES? (ANSWER YES OR NO)
NO
CPU TIME 0 .52  ELAPSED TIME 3 :0 2 .7 0
